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PREFACE. 


TN  publijhing  thefe  Chemical  Lectures, 
I  jhall  give  fome  account  of  their  author , 
in  detached  particulars ,  as  they  occurred  to 
me,  during  our  long  acquaintance  and  friend- 

flip. 

Dodlor  Henry  Pemberton  was  born 


at  London,  in  1694,  of  honefl  and  refpeclable 
citizens .  He  was  of  a  middle  future,  fair 
complexion ,  and ferious  afpech  This  laf  did 
not  arife  from  any  gloominefs  or  morofenefs  in 
nature  ;  for  he  was  of  a  mild  temper  and  very 
free  and  eafy  in  company ;  but  from  frequent¬ 
ly  meditating  on  fome  point  of  f peculation. 
His  fenfes  were  acute  and  delicate,  efpecially 
that  of  hearing ,  whence  he  received  great  de¬ 
light  from  mufc ,  which  he  indulged  by  fre - 
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quenting  fame  operas  and  all  Handel's  orato¬ 
rios.  He  early  df cove  red  a  talent  for  me¬ 
chanics,  readily  perjorming  any  manual  ope¬ 
ration?  as  making  of  fire -works?  and  effecting 
other  contrivances  not  unbecoming  an  adlive 
and  ingenious  youth .  He  was  generous ?  and 

i  •v 

fo  far  from  being  envious ?  that  he  ufed  to  ad- 
vife  and  encourage  fuch  as  fell  in  his  way  en¬ 
dued  with  real  genius .  Befdes  he  pofeffed 
an  extraordinary  faculty  in  difinguifhing  qf 
things  ?  confequently  he  reafoned  always  juft- 
ly?  not  to  be  impojed  on  by  a  cloud  of  fpe clous 
words ?  and  in  any  difpute  he  was  univerfally 
allowed  to  be  in  the  right .  To  crown  all ?  his 
mind  was  of  the  beft  difpoftion?  he  having 
the  high  eft  regard  for  honour  and  honefly ; 
infomuch  that  during  the  very  many  years  I 
was  mof  intimately  acquainted  with  him , 
which  I  efieemed  as  the  great  eft  felicity  of  my 
life ?  I  never  knew  him  to  offend  againft  their 
ft  rich  eft  rules . 

In  his  youth?  his  health  being  precarious?  he 
was  fent  to  a  country  grammar -fchool  at 
Guildford  in  Surry  ;  where,  from  his  fagacity 
and  diligence?  he  readily  became  mafter  of  all 

the 
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the  learning ,  that  place  could  afford.  Here 
he  met  by  accident  with  books  on  mathemati¬ 
cal  JiibjeBs 5  fome  on  the  practical  parts , 
others  on  algebra.  Upon  thefe  he  made  very 
pertinent  observations ,  dif covering  a  fur  priz¬ 
ing  degree  of  invention  in  thofe  faiences * 
which  he  thenceforward  cultivated  with 
great  fuccefs. 

‘Returning  to  London  he  read  the  higher 
daffies  with  Mr.  ffolin  Ward ,  a  gentleman 
perfectly  acquainted  with  whatever  related 
to  the  knowledge  of  antiquity >  who  was  after¬ 
wards  profeffor  of  rhetoric  many  years  at 
Gref  jam  college ,  and  do  Bor  of  civil  law . 
His  pupil  thence  received  fuck  an  impreffion 
of  the  excellency  of  thofe  winters ,  that  he  be- 
flowed  much  time  upon  them ,  and  with  what 
fuccefs  he  has  given  proofs  to  the  public - 
Now  he  met  with  Dr.  Halley  s  fine  edition  of 
Apollonius’ s  Conics ,  rejoicing  that  fo  large  a 
volume  was  written  on  his  beloved  fubjeB . 

1 This  he  read  over  with  infinite  delight.  Nay  in 
the  courfe  ofi  his  life  he  had  read  It  over  thrice  i 
folving  the  problem  to  four  lines  according  to 
the  JlriBeft  intent  of  the  ancients >  which  was 
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fublijhed  a  long  time  after  in  the  Philofophl - 
ml  Pranf actions  ( a) . 

As  he  dejigned  for  the  prof efjion  of  medicine , 
he  repaired  to  Leyden9  in  order  to  attend  the 
colleges ,  they  are  there  called,  of  the  fa¬ 

mous  profeffor  Boerhaave . 

Here  a  gentleman  lent  hhn  fir  Ifaac  New¬ 
tons  Principia ,  which  was  then  prodigioufy 
fcarce.  But  great  was  his  fur  prize,  when, 
contrary  to  what  he  had  fo  often  heard ,  he 
found  that  book  written  in  a  moft  clear  man¬ 
ner  ;  fo  that  he  went  through  it  without  the 
leaf  impediment .  He  no  lefs  admired  the 
difcoveries  made  in  the  optics,  and  fir  Ifaac 
Newton  s  manner  of  treating  the  quadratures . 
Prom  the  introduction  to  that  treatife ,  he  ac¬ 
quired  a  true  idea  of  the  methods  of  prime 
and  ultimate  ratios ,  and  of  fluxions,  which  was 
afterwards  in  1735  publifhed  in  Mr.  Ro¬ 
bins 9s  difcourfe  on  thofe  JubjeCls.  In  the  enu¬ 
meration  of  the  lines  of  the  third  order  he 
deduced  the  equations  moft  readily  and  without 
any  ambages . 

(a)  Vol.  53.  1763. 

Here 
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Here  he  met  with  Dr .  Halley  s  edition  of 
Apollonius  de  Se&ione  Rationis ,  which  he 
could  not  fufficiently  value  3  as  thence  he  be¬ 
came  acquainted  with  the  geometrical  analyjis 
of  the  ancients ,  which  he  much  valued ,  and 
afterwards  frequently  praElifed . 

He  alfo  folved  the  problem  the  foreign  ma¬ 
thematicians  had  with  fome  fort  of  infult  pro - 
pofed  to  thofe  of  England. 

His  mo  defy  and  backwardnefs  of  putting 
himfelf  forwards  made  him  little  taken  notice 
of,  but  an  accident  procured  him  much  fame . 
The  profejfor ,  among  other  his  colleges,  gave 
one  upon  the  fubjeEt  of  vifon  3  here  he  com¬ 
mitted  many  miflakes  in  the  fcience  of  optics: 
of  thefe  our  young  geometer  modefly  informed 
him  in  a  letter.  The  profejfor,  far  from  tak¬ 
ing  this  amifs,  every  where  fpoke  of  it  with 
the  highefl  commendation,  boafling  of  his  hav¬ 
ing  fo  great  a  genius  for  his  pupil,  and  fre¬ 
quently  confulting  him  about  Jome  point  in  the 
Newtonian  philofophy . 

Hence  he  went  to  Paris  to  perfeEl  himfelf 
in  the  practice  of  anatomy,  to  which  he  rea  ¬ 
dily  attained  as  being  dexterous  in  all  manual 
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operations.  Now  there  happened  d  lucky 
accident ,  for  the  large  library  of  the  abbi 
Gallois  was  fold  by  auction.  Among  other 
books  thefe  was  almoft  a  complete  fet  of  ma¬ 
thematical  onesy  both  ancient  and  modern * 
Hence  he  furnifed  himfef  with  good  /lore . 
In  perufing  this  treafure  he  chofe  to  begin 
with  originals ..  Of  thefe  he  adntired  Lucas 
Valerius  s  f  an  author  now  unregardedj  de¬ 
termination  of  the  center  of  gravity  info  lids. 
Of  this  he  a  long  time  after  informed fr  Ifaac 
Newton ,  who  allowed  it  to  be  7720ft  elega?it . 

‘Though  Dr.  Halley  had  aafertedy  that  Ro¬ 
bert  Anderfon  firft  fhewed  how  from  an  emT 
nence  to  ft  r  ike  an  object,  yet  this  is  in  Torri¬ 
celli.  Among  the  books  there  was  a  trahl  in 
4  to,  intitle  d  De  novis  Spiral  bus  Exercita - 
tiones  ducZy  &c.  Authore  P.  Petro  Nicolas 
TolofcCy  1693.  This  he  read  with  great 
pleafurey  as  the  demonftrations  proceeded  not 
inelegantly  on  prime  and  ultimate  ratios . 
Now  he  improved  Huygens  folution  of  AT 
hazeiis  problems ,  which  was  publifhed  in 
Mr.  Robins  s  Remarks  on  Dr.  Smith's  Com 
plete  Syftetn  of  Optics.  Afterwards  he  per - 
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formed  what  was  much  more  difficult  in  giv¬ 
ing  the  determinations  of  that  problem(b). 

On  perufmg  Regiomontanus,  Vieta  and 
ether  writers  on  trigonometry ,  he  made  five- 
ral  improvements  in  that  ufiful  branch  of  the 
mathematics  ;  fome  cf  which  have  been  pub¬ 
lished  very  many  years  after  in  our  Philofo- 
phical  TranfaBions  (c). 

He  alfo  made  a  coll  eel  ion  of  curious  pro¬ 
blems,  which  hefolved  by  the  ancient  analyjis, 
intending  to  write  on  that  mof  elegant ,  though 
negle&ed  fubjeSl. 

In  his  return  to  London ,  he  happened  to 
(hew  Dr.  Keil  his  folution  of  the  foreigner  s 
problem ,  with  which  the  doBor  was  fo  pleafed 
that  he  immediately  carried  its  author  to fr 
Ifaac  Newton ,  believing  the  good  knight 
would  be  glad  to  find  there  was  fo  promijing  a 
genius .  But  fir  Ifaac  Newton  then  took  no 
further  notice  of  our  young  geometer,  which 
was  a  great  detriment  to  them  both ,  as  after- 

(b)  In  the  appendix  to  the  fecond  volume  of  Mr. 
Robins’s  Mathematical  Tradb,  printed  101761^,303. 

(c)  Vol.  51.  part  2d.  1760- Among  his  papers  is  a  fhort 
hiftory  of  trigonometry  from  Menelaus  to  Neper. 

wards 
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wards  appeared ,  This  coldnefs  was  believed 
to  proceed  from  fome  til  offices  done  by  a  male¬ 
volent  perfion,  who  then  had fir  Ifaac  s  ear . 

Now  he  became  acquainted  with  Dr. 
Mead,  to  whom  he  had  been  before  recom¬ 
mended.  He  alfo  attended  very  affiduoufiy 
St.  Thomas's  Hofipital,  lodging  with  a  rela¬ 
tion,  an  apothecary y  in  order  to  be  acquainted 
with  the  London  practice.  Though  he  thus 
mdde  hhnfelf  perfect  mafler  of  all  the  branches 
of  phyjic,  he  rarely  praBifed  it ,  owing  to  the 
fickle  fiate  of  his  health. 

In  1719  he  returned  to  Leyden ,  there  to 
take  his  doctor  s  degree .  The  profeffor  Boer- 
hdave  retaining  a  great  efleem  for  him ,  obliged 
him  to  lodge  at  his  houfe  during  his  abode  in 
that  place .  The  quejlion  maintained  in  his 
thefts  was,  By  what  power  is  the  eye  enabled 
to  dtfcern  difiinBly  objects  at  different  di¬ 
fiances.  This  is  determined  to  be  owing  to  a 
change  made  in  the  chryfialline  humours . 
The  demonfir  at  ions  there  ufied,  he  afterwards 
rendered  much  more  elegant ,  which  he  in¬ 
tended  to  publijh  in  another  edition , 

lie 
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*  He  became  ftill  more  familiarly  acquaint¬ 
ed  with  Dr.  Mead,  to  whom  he  was 
greatly  affiant  in  the  doBors  writing  on  the 
plague ,  efpecially  in  the  eighth  edition  of  the 
book ,  in  which  all  the  objeBions  that  had  been 
raifed  were  fo  thoroughly  anfwered ,  that  no 
more  ever  appeared . 

The  firft  fpecimen  he  gave  the  public  of  his 
fkill  in  what  they  call  the  fublime  geometry , 
was  by  accident .  Seeing  at  a  bookfeller  s  fop  in 
one  of  the  AB  a  Erudkorum,  a  problem  propofed 
as  very  difficult  by  Mr.  John  Bernoulli,  he  im¬ 
mediately  folved  it.  The  folution  was  publif  - 
ed  without  his  name  in  the  Philofophical 
TnmfaBions ,  No.  372.  Ann .  1722,  and  af¬ 
terwards  among  ft  the  colleBion  of  M.  Bernoul¬ 
li  s  works.  But  the  folving  of  thefe  kinds  of 
barren  problems  he  looked  upon  with  ftr  Ifaac 
Newton  to  be  no  better  than  cracking  pebbles. 
Then  Mr.  prof ef or  Smith  of  Cambridge  ad¬ 
vert  iftng,  that  he  would  reprint  Mr.  Cotes' s 
Logometria,  adding  other  works  of  that  exr • 
cel  lent  p  erf  on  ;  Dr.  Pemberton  in  converfa- 
tion  obferved  to  him ,  that  Mr •  Cotes  had 
given  an  indiftinB  idea  of  ratios ,  and  what¬ 


ever 
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may  be  done  by  what  he  calls  their  mea* * 
Jure  and  that  of  angles ,  might  be  effected  by 
the  means  of  the  circle  and  hyperbola .  The 
profejjbr  not  only  denied  this  with  warmth * 
but  in  the  preface  to  Mr.  Cotes  s  works l 
printed  in  1722 ,  admonifhed  the  doBor ,  but 
without  naming  him ,  to  lay  cfde  all  preju - 
J/m,  <2/22/  to  conftder  thefe  things  more  atten¬ 
tively.  Upon  this  the  do  Bor,  in  an  epiftle 
to  me ,  proved  what  he  had  advanced ,  de~ 
monft rated  Mr.  Cotes  s  excellent  propofition » 
which  the  prof ef  or  had  not  done ,  #222/  folved 
the  thirteenth  problem  of  the  third  book  of  the 
Principia  by  a  conic  feBion,  of  which  fr  Ifaac 
Newton  has  taken  notice  in  the  lafi  edition. 

As  he  defined  nothing  more  than  to  be  ac¬ 
quainted  with  that  great  man ,  he  was  compof- 
ing,  to  bring  this  about ,  a  treatife  giving  a 

familiar  account  of  fir  Ifaac s  difcoveries  in 

\  -  ^  * 

philofophy.  But  an  unforefeen  accident  ejfeB~ 
ed  this  moft  completely. 

Signor  Poleni  produces  an  experiment , 
which,  he  thinks,  eft ablifes  beyond  contradic¬ 
tion  the  truth  of  Mr.  Leibnitz  s  notion  of  the 
force  of  moving  bodies.  Dr*  Pemberton 

wrote 
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wrote  a  paper  containing  a  full  confutation , 
which  Dr.  Mead  /hewed  to  fir  Ifiaac  Newton . 
Phe  knight  was  fio  well  pleafed  with  it ,  that , 
as  great  a  man  as  he  was ,  he  condefcended  to 
vifit  the  doctor  at  his  lodgings ,  bringing  along 
with  him  a  confutation  of  his  own  grounded 
on  other  principles .  Both  thefe  were  imme¬ 
diately  printed  in  the  Philofophical  ^Tranf ac¬ 
tions,  No.  373,  An.  1722 #  Hence  followed 
a  free  intercourfe  between  thefe  two  perfons , 
whofe  converfation  turned  upon  mathematical 
and  philofophical  fubjedts .  Sir  Ifaac  Newton 
was  one  of  the  mo  deft  eft  men  in  the  world,  fo 
that  he  even  folicited  Dr.  Mead  to  prevail  on 
Dr.  Pemberton  to  ajjift  him  in  making  a  new 
edition  of  the  Principia . 

But  in  the  mean  while.  Dr.  L  an  gw  it  h,  de- 
fcribing  in  the  Philofophical  Tranf act  ions. 
No.  375,  All.  1723,  an  appearance  in  the 
rainbow  not  yet  taken  notice  of,  Dr.  Pember¬ 
ton  accounted  for  it,  and  gave  by  the  ancient 
analyfis  two  folutions  relating  to  the  rainbows , 
the  loft  containing  that  of  a  folid problem. 

.  Again  Dr.  Meadpublifhed  in  1724  a  pom- 
pous  edition  oj  Cowpers  Mufcles  :  to  this  was 
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premifed  a  mojl  elaborate  differ  tat  ion,  written 
by  Dr.  Pemberton,  on  the  aBions  of  thofe  of 
the  human  body .  Here  was,Jhewn  the  error 
Mr.  John  ’Bernoulli  committed  in  determining 
ike  figure  of  the  cells  into  which  he  imagined 
each  fibre  of  a  mufcle  was  divided .  Mr.  Ber¬ 
noulli  replied ,  and  heedlefiy  attributed  the 
differ  tation  itfelf  to  Dr.  Mead .  It  contained 
proofs  of  the  mofl  profound  fkill  in  anatomy 
and  geometry ;  the  demonfir  at  ions  were  alfo 
grounded  on  prime  and  ultimate  ratios. 

But  now  the  edition  of  the  Principia  was 
entered  upon.  Hs  the  doBor  lived  a  great 
difiance  from  the  author ,  he  mojlly  fent  him 
letters  from  time  to  time,  containing  ohferva- 
tions  on  the  book .  Phefe  were  received  with 
the  utmofi  goodnefs ,  and  accordingly  many  al¬ 
terations  were  made ,  more  were  intended,  but 
prevented for  want  of  time.  In  particular  his 
friend  Dr.  Brooke  Pay  lor  informed  him ,  there 
was  a  mi  fake  in  relation  to  the  precejjion  of 
the  equinox ,  and  Jhewed  how  to  reBify  it. 
Dr.  Pemberton  for  his  care  was  rewarded 
tnofi  nobly,  according  to  the  natural  generofity 
of  the  author  $  which  even  old  age  could  not  in 
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the  leaf  diminifh.  But  bejides,  what  the 
dodlor  Jlill  more  valued,  in  the  preface  he  is 
faid  to  be  (t  Vir  harum  rerum  peritijjimus  V 
Tdhe  omifjion  of  the  fcholium ,  that  mentioned 
M.  Leibnitz ,  was  highly  refented  by  the  fo¬ 
reigners  ;  but  of  this  I  have  fpoken  elfe - 
where{d).  One  author  indeed  (e)  has  had  the 
hardinefs  to  infmuate ,  it  was  omitted  without 
Newton  s  confent .  Now  I  am  a  witnefs ,  that 
he  ordered  it  to  be  left  out ,  and  the  new  fcho¬ 
lium  to  be  fubftituted  in  its  place,  which  was 
intirely  compofed  by  fir  Ifaac  Newton,  and 
printed jrom  his  own  hand-writing . 

Z)r.  Pemberton  thought  now  a  proper  op¬ 
portunity  offered  for  publifoing  his  abovemen- 
tioned  treatife,  which  he  begun  to  read  to  fr 
Ifaac  Newton ,  who  highly  approved  of  it . 
But  he  died  fuddenly  however  the  book  was 
printed  in  1 728,  by  a  very  numerous  fubfcrip- 
tion ,  with  the  title  of  A  View  of  Sir  Ifaac 
Newton  s  Philofophy .  In  the  preface  he  men¬ 
tions  his  connexion  with  that  great  man ,  and 

(d)  In  the  above-mentioned  Appendix,  p.  327. 

(e)  Hiftoire  des  Mathematiques  par  M.  Montucla,  a 
Paris,  1758,  vol.  ii.  p.  338. 
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gives  his  opinion  of  the  mathematical  writers  fir 
Ifaac  Newton  mofl  efteemed.  As  that  work  by 
the  manner  of publijhing  it  fell  into  the  hands  oj 
great  numbers ,  who  could  not  have  the  leaf  idea 
of  what  it  treated  on ,  they  exprefed  themf elves 
diffatisfied  with  it ;  but  it  mufi  be  owned,  to  be 
an  excellent  performance ,  and  to  anfwer  fully 
what  the  author  propofed.  It  has  been  tranf- 

lated  into  Italian  and  French . 

...  ■* 

He  would  have  publifhed  Newton  s  Trea- 
tife  on  Fluxions }  but  the  owners  of  the  copy 
afked  more  money ,  than  the  bookfellers  cared  to 
advance. 

Then  the  doSor  advertifed  he  would  pub- 
Ufh  a  comment  on  an  Englifh  tranflation  of  the 
Principia ;  and  1  find  in  his  copy  a  great  num¬ 
ber  of  papers  written  for  that  purpofe  ;  but 
a  tranflation  very  fuddenly  appearing ,  hin¬ 
dered  him  from  executing  that  defign .  And 
indeed  he  began  to  grow  weary  of  mathemati¬ 
cal  f peculations. 

When  king  George  the  fecond  vifited  the 
univerfity  of  Cambridge ,  the  doctor  had  there 
an  honorary  degree  of  do  It  or  in  phyfic  confer¬ 
red  upon  him. 

Being 
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Being  chafe n  profijfor  of  phyfic  at  Gref  am 
College,  he  undertook  to  give  a  Courfe  of 
Chemifry ,  which  was  improved  every  time 
he  exhibited  it .  This  was  univerfally  ap¬ 
plauded  ;  infomuch  that  the  college  of  Phyji- 
plans  engaged  him  to  review  their  Pharmaco¬ 
poeia,  in  order  to  make  a  new  edition ,  purged 
intirely  of  every  trifle,  that  had  fo  long  dif- 
graced  it . 

For  this  purpofe  a  committee  was  appointed . 
And  the  do  A  or  made  experiments  on  the  pre¬ 
fer  ip tions,  and  drew  up  two  plans ,  containing 
reafons  for  the  intended  alterations .  Accord - 
ingly  the  Pharmacopoeia  corrected  came  forth . 
The  college  not  doubting  but  it  would  be  put 
into  Englifi,  defir  ed  the  do  A  or  to  undertake 
that  tafk .  This  he  performed,  premifing  a 
narrative,  and  adding  remarks  on  rnoft  of  the 
preferiptions,  being  the  fuhft an ce  of  the  plans 
he  had  laid  before  the  college .  Hence  it  ap¬ 
peared,  how  well  he  was  acquainted  with 
pharmacy,  and  how  mean  an  opinion  he  had 
entertained  of  mof  of  the  writers  on  that 
fubjeA . 
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I  mentioned  the  do £1  or  s  readinefs  to  ajjijl 
any  one  of  parts.  How  he  behaved  to  Mr. 
’Robins  I  have  Lrgly  declared  in  the  preface  to 
the  latter  s  Mathematical  Tra&s. 

About  the  fame  time  was  recommended  to 
the  doSlor  a  young  gentleman,  Mr.  Glover , 
juf  come  from  fchool.  As  he  was  indued  with 
a  difpojition  and  capacity  to  fucceed  in  any 
kind  of  Jludy  whatever ,  the  doSlor  advifed 
that  of  the  mathematics ,  informing  him  of 
the  mofi  genuine  authors  ;  and  alfo  to  perfeSl 
himfelf  in  Greek .  c£he  branches  op  the  ma¬ 
thematics  prGper  for  a  gentleman  to  know 
he  readily  learnt ,  with  thoroughly  compre¬ 
hending  their  nature,  and  perceiving  the 
force  of  the  manner  of  reajoning  ufed  in  thofe 
fciences  in  time  he  rendered  himfelf  mafier  of 
the  Greek,  and  of  the  authors  written  in  that 
copious  language.  But  Mr.  Glover  pofefed 
befides  an  extraordinary  talent  for  poetry,  and 
from  verfes  he  had  early  compofed,  was  form-* 
ed  the  admirable  poem  of  Leonidas.  : This  be - 
jng  pub lifhed  in  1738(f),  the  doSlor ,  who 


£f )  In  1770  came  out  a  fifth  edition  augmented. 


enter - 


PREFACE. 


xix 


entertained  particular  notions  about  this  fub  - 
jeB\  took  an  opportunity  of  printing  them  in  a 
pamphlet ,  (g)  intitled  Ohfervations  on  Poetry , 
efpecially  the  Epic,  occafomd  by  the  late  Poem 
upon  Leonidas ,  Phis  fhewed  the  great  judg¬ 

ment  and  learning  of  the  author ,  and  it  was 
received  by  the  public  with  frigid ar  approba¬ 
tion ,  no  objection  having  been  ever  made  to 
what  was  there  advanced.  Abroad  a  writer 
of  a  literary  journal  having  given  an  account 
of  the  doctor  s  pamphlet  adds ,  <(  Ceterum  auc- 
tor  de  epico  et  tragic  o  car  minis  gen  ere  ra- 
C€  tionem  ducem  f deliter  fecutus  ef  { h).” 

Phe  poem  of  Leonidas  procured  Air,  Glover 
to  be  a  great  favourite  with  lord  Cobh  am , 
and  confequently  to  be  well  known  to  his  lord- 
Jloif  s  nephews  and  their  acquaintances .  Po 
thefe  Air,  Glover  recommended  Dr,  Pember¬ 
ton ,  whom  5  hey  honoured  by  befpeaking  and 
attending  a  courfe  of  his  chemifry.  As  thefe 
were  the  patriots  of  the  times ,  the  do 51  or, 
having  thoroughly  confdered  the  writings  of 

(g)  7'he  author  has  left  a  copy  with  additions. 

(b)  Nova  Ada  Eruditorum,  Gdob.  1747,  p.  598. 

Ala- 

N. 


a  2 


xV  P  R  E  F  A  G  E. 

V  V  ..  -•  ^  1  V  *  t  '  ■■  -  .  •  1 

Machiavel ,  Harrington ,  Nevil  and  others. 9 
drew  up  a  plan  of  a  free  fate  with  a  king  at 
the  head .  ’This  was  much  admfred  by  fuck  as 
had  read  it ;  and  many  years  after  his  friend 
Dr.  Brocklejby  prefented  a  copy  to  the  late, 
right  honourable  Charles  Bow  if  end  chancellor 
of  the  exchequer ,  who  fo  well  approved  of  it 
and  its  author ,  as  to  efpozje  his  caufe  when 
the  city  thought  jit  to  demolijh  Gref  am  col¬ 
lege  ;  but  I  do  not  find  a  copy  oj'  it  among 

Mr.  Wefi  being  about  publijhing  his  Br def¬ 
lations  of  Pindar ,  the  do  hi  or  prefented  hint 
with  a  fuccinB  account  of  the  ancient  odey 
which  was  printed  in  the  preface ,  where  the 
author  fiyles  him  his  learned  and  mge?iiou$ 
friend . 

Though  he  had  difcontinued  all  mathemati¬ 
cal  purfuits *  yet  he  was  drawn  on  Mr.  Ro¬ 
bins's  account  into  a  controverfy  about  flux¬ 
ions.  But  of  that  1  have  fpoken  in  ano¬ 
ther  place  (i). 

For  many  years  pafi  he  had  accufomed 
htmfelf  to  ride  with  fome  agreeable  friend; 

(i)  In  the  above-sr.entioned  Appendix. 
v  '  every 
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every  fummer  for  his  health' s  fake  over  diffe¬ 
rent  parts  of  the  kingdom.  Here  he  took  an 
opportunity  of  vijithig  our  mines  and  the  Jhops 
of  our  workmen,  as  appears  from  his  Co'urfe  of 
C hem  fry. 

During  the  negleci  of  mathematical  f  tidies , 
he  ufed  to  amufe  himfelf  with  compofing  on  va¬ 
rious  fubjehts ;  for  he  never  could  be  idle,  whiljl 
he  enjoyed  any  tolerable  degree  of  health .  On 
our  attempts  to  alter  the  ftyle,  he  wrote  a 
learned  differtation  on  that  affair .  But  in  my 
opinion  much  need  not  be  [aid  on  a  thing  fo  ob¬ 
vious.  The  beginning  of  the  year  fhould  he  on 
the  fhoriefi  day ,  but  it  being  now fixt ,  it  rnujl 
hand  as  at  prefent ,  Clavius  has  defined  ex¬ 
actly  enough  its  length ,  T lie  conjideration  of 

the  moon  ought  to  be  intirely  laid  afide,  as  its 
motion  and  that  of  the  Jim  are  incommenfurable, 
and  therefore  never  can  agree.  Befit des  here 
the  moon  is  quite  ufelefs,  having  no  relation  to 
the  feafons .  It  was  atfirft  introduced  through 
mere  ignorance ,  and  continued  through  juper - 
flit  ion.  The  moveable  fee  ft  s,  we  make  to  de¬ 
pend  on  its  motions,  may  be  properly  fixt  in 
fome  part  of  thofe  months,  which  they Jeern  ori- 

a  3  ginally 


XXII 


PREFACE. 


gin  ally  defigmd  to  occupy*  Again  a  frojedt 
i was  offered  for  reducing  our  weights  and  mea- 
fires  to  the  fame  jlandard  throughout  the  na¬ 
tion.  Accordingly  a  committee  was  appointed f 
and  a  long  narrative  puk  life  d for  this  pur pcfe. 
But  it  abounded  with  Jo  many  mifakes  and  ab- 
fur dities,  that  the  do dlor  was  prevailed  on  tor 
write  on  thefubjed.  This  being  a  very  intri¬ 
cate  affair  took  up  much  time ,  and  I  believe 
he  never  period ly  finifed  what  he  intended. 

On  his  prefen t  majefys  acceffion  to  the 
crown,  Samuel  Martin,  efquire,  procured  the 
do  dor  a  penfion,  and  that  in  the  gent  ee  left 
manner,  without  giving  him  before -hand  the 
leaf  hint  of  any  fuch  dejign.  Mr.  Martin  had 
been  one  of  the  dodors  travelling  companions > 
and  well  acquainted  with  his  merit* 

Now  he  very  much  contraded  his  acquaint¬ 
ance.  Dr .  Let  her  land,  who  poffeffed fo  fine  a 
tafle  in  geometry  and  polite  learning,  and 
Matthew  Raper,  efquire ,  were  of  ancient 
funding  ;  but  the  Jvft  was  dead ,  and  the  other 
ref  ded  generally  at  his  jeat  in  the  country . 
So  the  dodor  confined  his  confant  vifits  to  his 
beloved  niece  s  family ,  Mr.  Glover  and  his 

friends 
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friends,  together  with  fome  worthy  merchants 
in  the  neighbourhood ,  where  the  time  was 
puffed  moji  agreeably  on  all fide s. 

But  fome  years  before,  being  attacked  with 
a  violent  fever,  which  terminated  in  a  deflex¬ 
ion  on  the  leg ,  whilf  he  was  under  the  fur- 
geon  s  care,  his  inclination  for  the  mathema¬ 
tics  revived,  and  he  compofed  a  diffrtation 
on  eclipfes,  which  had  like  to  have  been  pub - 
lifted  in  the  Philofophical  \ Tranfadlions ,  but 
was  prevented  by  an  accident. 

Pie  began  to  print  fever al  differ  tat  ions  on 
mathematical fubjecls.  One  was  on  the  Loci 
Plani;  the  ref  I  have  already  mentioned.  He 
would  have  gone  on  fo  to  do,  had  he  not  been 
prevented  by  death  ;  he  was  preparing  for 
the  prefs  a  J'olut ion  of  all  the  cafes  with  their 
determinations  of  the  ancient  problem  de  in - 
clinationibus,  which  was  a  performance  of  his 

But  in  1770  he  was  feized on  by  a  mofl  vio¬ 
lent  difemper,  which ,  his  friend  Dr.  Reeve 
thought,  proceeded  from  an  obfrudlion  in  the 
gall-bladder,  and  indeed  the  patient  was  co¬ 
vered  all  over  with  a  jaundice  hue .  Out  of 
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this  he  unexpectedly  recovered ;  the  yell  own  efs 
intirely  dif appeared,  and  he  feemed  thencefor¬ 
ward  to  he  more  hearty  and  of  better  fpirits 
than  ever  However ,  in  March,  1771,  he 
was  attacked  by  the  fame  difiemper ,  which 
carried  him  of'  in  two  days  time ,  to  the  grief 
of  all  who  had  been  happy  in  his  acquaintance. 

His  fortune ,  which  was  corf  der able,  he 
left  to  a  very  worthy  gentleman ,  Mr.  Henry 
Mills 3  who  is  married  to  his  niece ,  by  which 
amiable  perfon  he  has  iffue  two  fons ,  both  of 
age ,  in  perfect  health  andfrength,  very  fober 
and  diligent  in  bifnefs . 

Among  his  papers  were  many  mathematical 
ones  ;  as  demon f  rations  of  the  fpherics  and 
fpherical  projections ,  enow  to  compofe  a  trea - 
tife  on  thofe  fubjecis  \  a  differ  tat  ion  on  Archi¬ 
medes  s  fizrew  ,  improvements  in  gageing ;  to 
fnd  in  a  given  latitude  the  point  that  afcends 
the  flow  eft  of  any  in  the  ecliptic ,  to  find  in  the 
ecliptic  an  arch  of  a  given  length,  which  will 
be  longer  in  riftng  than  any  other  arch  of  the 
fame  length  ,  to  find  when  the  oblique  afeen- 
fion ' differs  moft  from  the  arch  to  which  it  be¬ 
longs  :  the  principles  of  Mercator sain  d  mid-  4 
a  die 
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die  latitude  Jailing  ;  to  find  the  heliacal  rifing 
of  a  Jar  ;  to  compute  the  moon s  parallax  ;  to 
determine  the  courfe  of  a  comet  through  a  pa¬ 
rabolical  orbit ;  with  others,  all  moft  elegant ~ 
ly  performed . 

The  Courfe  of  Chemifiry  he  intended  to  im¬ 
prove  by  making  farther  experiments,  and  to 
change  its  for?n ;  which  caufed  him  never  to 
fnblijh  it  in  his  life-time.  But  he  was  by  va¬ 
rious  accidents  prevented  from  profecuting  his 
purpofe.  However,  though  it  wants  the  ad¬ 
vantages  it  might  have  received,  1  now  print 
it  from  the  original  manufcript,  believing 9 
that  all  lovers  of  the  art  will  be  pleafed  to 
find  here  its  operations  explained  on  genuine 
principles . 

As  he  ufed  to  deliver  out  fchemes  containing 
an  account  of  the  defign  and  the  contents  of 
his  courfes ,  I  have  here  printed  one  of  them, 
altered  in  fome  things,  in  order  to  accommo¬ 
date  it  to  the  lafi  review  he  made  of  his  lec¬ 
tures. 

JAMES  WILSON. 

London, 

Auguft  ic,  1771* 
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SCHEME 


FOR  A 


COURSE  of  CHEMISTRY. 


H  E  defign  of  this  Courfe  is  to  explain 


j[  both  the  practical  and  philofophical  part 
of  c hem i dry. 

In  relation  to  the  firft  will  be  exhibited  the 
preparation  of  all  the  chemical  medicines  in  pre¬ 
lent  ufe,  with  an  explanation  in  particular  of 
the  regulations  now  eftablifhed  by  the  college  of 
phyficians  in  their  new  difpenlatory  :  alio  the 
fmelting,  refining,  and  fuch  like  proceffes  on 
metals;  together  with  other  operations  in  thofe 
trades,  or  employments,  which  depend  upon 
the  principles  of  chemiftry. 

In  all  thefe  it  is  propofed  to  defcribe  in  the 
plained  and  fulled  manner  the  method  of  pro¬ 
ceeding  in  each  operation,  and  to  deliver  the 
cautions  neceftary  to  be  obferved  in  them. 

With  regard  to  the  philofophical  part  of  che¬ 
miftry,  the  practical  precedes  are  difpofed  in 
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fbch  an  order,  as  may  be  mod  conducive  towards 
fhewing  the  reafon,  and  true  cffeCrs  of  each  ope¬ 
ration  ;  and  flich  others  are  added,  as  are  requi- 
fite  for  explaining  the  difcoveries,  which  have 
hitherto  been  made  in  nature  by  chemiftry,  bo¬ 
lides  fome  attempts  towards  farther  advances. 

In  the  progrefs  of  thefe  experiments  will  be 
given  an  account  of  the  elTentiai  difference  be¬ 
tween  animal,  vegetable  and  mineral  fubftances  * 
of  the  nature  of  nutrition,  vinous  fermentation* 
and  putrefaction  ;  of  the  nature  and  different 
operation  of  menftruums,  wherewith  bodies  are 
dtffolved  5  of  the  nature  arid  operations  of  the 
air,  how  aqueous  vapours  and  clouds  are  fuf- 
pended  in  it,  by  what  means  it  caufes  bodies  to 
burn  ♦,  and  why  it  is  preyed  upon  by  them  in 
burning  i  how  air  is  generated  in  fermentations 
and  diftillations. 

In  general  it  will  be  fhewn  to  what  principle 
bodies  owe  the  confervation  of  their  diftinCt 
forms,  and  what  powers  procure  thofe  changes* 
whereby  the  face  of  nature  is  perpetually  varied 
and  renewed. 

The  fubjeft  of  each  lecture  follows. 

PART  I. 

,,  .  ..  j.  ••  •  * 

Of  chemiftry ,  and  Us  operations  in  general . 

LECTUREI.  p.i. 

'  *  ’  Si  Ll 

The  threefold  deffgn  of  chemiftry  ;  the  pro¬ 
duction  of  metals,  the  improvement  of  medi¬ 
cine,  and  of  natural  philofophy.  The  rife,  and 
progrefs  of  the  art. 

LEG- 
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LECTURE  II.  p.  i6. 

The  nature  of  heat  explained  upon  fir  Ifaac 
Newton’s  principles,  and  the  do&rine  confirmee} 
by  experiment. 

LECTURE  III.  p.  37. 

*  . 

Of  chemical  operations,  and  the  requifite  in¬ 
ftruments  in  general.  The  divifion  of  the  ope» 
rations  of  chemiftry  into  analyfis  and  compofi- 
tion.  Concerning  volatility  and  fixity,  and  the 
difference  between  diftiliation  and  fublimation, 
with  the  in  ftruments  of  each.  The  inftruments 
for  melting  and  calcining.  Of  digeftion,  and  its 
inftruments.  Of  lutes  and  hermetical  fealing, 
with  the  method  of  cutting  off  the  fuperfluous 
parts  from  glaftes.  The  various  kinds  of  heat ; 
that  of  water,  of  fand,  the  open  fire,  and  the 
two  kinds  of  the  reverberatory  fire,  with  the 
furnaces  for  each  of  thefe  heats :  alfo  the 
blaft  and  wind  furnaces  ;  as  likewife  the  athanor 
for  continuing  an  equable  degree  of  heat  any 
length  of  time  without  intermiffion,  and  with 
fmall  attendance  ;  alfo  Vigani’s  ex  tempore 
furnaces  compcfed  of  loofe  bricks  only,  to  be 
let  up  and  taken  down  at  pleafure,  wherewith  all 
the  operations  of  chemiftry  may  be  commo- 
dioufly  performed  by  thofe,  who  have  not  a  fixe 
laboratory.  Of  the  feveral  forts  of  fewel.  Of 
days  and  bricks,  particularly  Windfor  loam* 
and  the  Stourbridge  clay.  Of  the  feveral  forts 
pf  weights, 

LEC- 
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LECTURE  IV.  p.  63. 

Of  chemical  analyfis  in  general.  The  chemi¬ 
cal  principles  produced  by  the  analyfis  of  bodies 
enumerated.  In  particular  of  water ;  why  it 
dilates  in  freezing;  experiments  with  freezing 
mixtures,  and  the  caufe  of  their  operation  confi- 
dered.  Of  lalts  and  fpirits  ;  the  acid,  alkaline, 
and  neutral  ;  the  criterions,  whereby  to  didin- 
guifh  acids  and  alkalis.  Of  oils,  and  their  in¬ 
flammability  :  burning  confidered,  with  the  of¬ 
fice  of  the  air  in  it  illuftrated  by  experiment; 
alfo  why  water  extinguifhes  fire.  Of  earth,  the 
fifth  principle.  Of  the  aerial  vapour  feparated 
from  bodies  by  diflillation. 

LECTURE  V.  p.  82. 

Of  chemical  compofition  in  general.  Of 
menftruums ;  their  adlion  explained  ;  why  heat 
promotes  it  ;  experiments  on  the  heat  and  cold 
produced  in  mixtures  and  diffolutions,  and  the 
caufe  thereof  confidered  :  concerning  precipita¬ 
tion  and  cryfiallization.  Why  lalts  Ihoot  in 
different  figures. 

...  •  ?/  '  -  . 

PART  ir. 

Of  animal  and  vegetable  fnbjlances , 

LECTURE  VI.  p.  95. 

Animal  and  vegetable  fubftances  analyzed 
by  diflillation  ;  whereby  all  of  the  animal,  and 
fome  of  the  vegetable  are  fhewn  to  produce  an 
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alkaline  fpirit,  and  fait,  befides  an  oil ;  the  reft: 
of  the  vegetables  containing  an  acid  fpirit  with 
an  oil ;  all  leaving  a  black  coal  to  be  farther  ex¬ 
amined  hereafter.  Milk  and  urine  confidered 
particularly,  and  experiments  made  with  the 
phofphorus  of  urine.  Charcoal  how  made. 
The  aerial  vapour  collected. 

LECTURE  VII.  p.  io 6. 

The  purification  and  farther  analyfis  of  the 
falts,  fpirits,  and  oils  of  the  preceding  lecture. 
How  oils  are  feparated  from  watry  liquors.  The 
diftillation  of  the  natural  balfams  exemplified 
in  turpentine  •,  whence  rofin,  both  yellow  and 
black  :  how  turpentine  is  gathered,  and  how 
tar  and  pitch  are  made.  The  diftillation  of  ef- 
fential  oils  :  why  thefe  oils  and  refines  rife  fo 
freely,  while  other  oils  lighter  than  feveral  of 
theft;  can  be  obtained  only  by  exprefiion.  The 
fublimation  of  benjamin  and  camphire. 

,  :  ■■ ,!  .  t  .  *  *.  •  r:  v  f  ■'  '1  1  r  \ 
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LECTURE  VIII.  p.  i22. 

The  aerial  vapour  ariftng  from  animal  and 
vegetable  fiioftances  in  diftillation  farther  con¬ 
fidered.  The  effedts  of  burning  animal  and  ve¬ 
getable  fubftances  in  the  open  air:  the  fixt  alka¬ 
line  fait  of  vegetables  prepared  •,  Tachenius’s 
method;  how  pot-afhes  and  pearl  afhes  are 
made  :  foot  diftilled.  Reflections  on  what  hath 
preceded. 
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LECTURE  IX.  p.  1 36. 

On  fermentation  and  putrefaction.  What  ref¬ 
lation  fweetnefs  bears  to  vegetable  fermentation ; 
here  fugar  diftilled :  fermentation  defcribed  in 
its  whole  progrefs  to  the  making  firft  of  beer  and 
wine,  then  of  vinegar ;  and  the  nature  of  this 
operation  inquired  into  :  the  inflammable  fpirit 
diftilled  from  wine,  and  farther  purified  ♦,  of  rec¬ 
tified  and  proof  fpirits,  with  the  method  of  exa¬ 
mining  the  ftandard  of  fpirits :  vinegar  alfo  dk 
ftilled :  the  original  of  tartar,  and  other  eftential 
falts ;  the  purification  and  diftillaticn  of  tartar  ; 
cream  and  cryftals  of  tartar.  How  fermentation 
may  be  ftopt  or  promoted.  The  effects  of  pu^ 
ttefaftion  j  whence  animal  digeftion  explained. 

LECTURE  X.  p.  154. 

Compositions  from  the  productions  of  the 
preceding  analyfis  confidered  •,  and  the  firft  of 
the  compofitions  by  the  fpirits  and  falts  :  here 
fixt  alkaline  fait  run  per  deliquium,  as  it  has 
been  commonly  ftiled  :  alfo  fpirit  of  wine  recti¬ 
fied  by  thefe  falts.  Thefe  falts  fermented  both 
with  the  acid  of  vinegar,  and  of  tartar  *,  whence 
the  fal  diureticus  of  the  prefent  difpenfatory,  and 
tartarum  folubile.  The  effects  of  the  acid  of 
vinegar  on  coral,  and  the  like  terreftrious  fub- 
fiances.  Magiftry  and  fait  of  coral. 

LECTURE  XL  p.  i6r. 

Compositions  by  the  means  of  oils  and  vinous 
fpirits.  Soaps  a  compofifion  of  oils  with  fixt  al¬ 
kaline 
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kaline  fairs:  foap  of  tartar:  why  thefe  falts 
caufe  a  fudden  reparation  of  the  volaule  fait 
from  frefh  urine.  The  tindture  received  by 
fpirit  of  wine  from  thefe  alkaline  falts  confidered. 
The  folution  of  eflential  oils  and  volatile  refines 
by  fpirit  of  wine  :  tindtures  drawn  from  vegeta¬ 
bles  by  wine  and  its  fpirit ;  here  extra&s  and 
refines. 

)  si  r  *  '  s 

PART  III. 

Of  FOSSILS. 

s  '  / 

LECTURE  XII.  p.  169. 

Of  the  fofiil  and  fimilar  falts;  of  fea-falt,  nh 
tre  or  falt-petre,  alum,  vitriol,  and  borax  ;  their 
cryftallization.  Thefe  falts  confidered  particu¬ 
larly.  Their  diftillation,  and  redtification  of 
their  acid  fpirits.  The  calcination  of  vitriol. 
Its  oil.  Glauber’s  fal  mirabile.  A  falfe  tarta- 
rum  vitriolatum.  Aqua  regia  and  fortis.  The 
dying  of  fcarlet.  Why  Glauber’s  fpirit  of  fea- 
falt  and  of  nitre  fmoke  incelfantly ;  and  why 
acid  of  vitriol  expofed  to  the  air  increafes  in 
bulk.  Here  occafionally  how  vapours  are  raifed, 
and  why  condenfed  into  clouds.  How  each  of 
the  foflil  falts  is  obtained  originally. 

LECTURE  XIII.  p.  187. 

4  •»  *  t 

Salts  farther  confidered.  The  effedts  of  the 
acid  fpirits  of  the  preceding  ledture  on  one  an¬ 
other,  and  on  other  bodies  :  thefe  acid  fpirits  fer¬ 
mented  with  the  fixt  alkaline  fait  of  vegetables, 
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and  what  falts  are  thence  produced  ;  here  tarta- 
rum  vitriolatum  :  the  like  experiments  with  the 
volatile  alkali  ^  here  the  competition  of  fal  am¬ 
moniac,  with  its  lublimation  :  the  earthy  part 
of  all  thefe  falts,  except  nitre,  precipitated  by  al¬ 
kaline  falts  ♦,  whence  fome  light  into  the  nature 
of  nitre  :  the  tixt  alkali  more  powerful  than  the 
volatile  hence  the  decompofition  of  fal  ammo¬ 
niac  by  a  fixt  alkaline  fait,  the  fpirit  of  fal  am¬ 
moniac.  The  purification  of  animal  falts  by 
fpirit  of  fea-falt,  and  falia  volatilia  oleofa.  The 
nature  of  the  pigments  made  with  alum  :  the 
Pruffian  blue  here  prepared,  and  fhewn  why  a 
large  quantity  of  this  coloured  terreftrious  fub- 
itance  is  produced  from  two  tranfparent  liquors: 
the  ufe  of  alum  in  dying.  The  detonation  of 
nitre.  Nitre  increafes  the  inflammability  of  bo¬ 
dies.  The  effedts  of  the  phofphori  explained, 
and  what  part  of  the  air  aids  the  burning  of  bo¬ 
dies.  The  acid  fpirits  difpotiefiing  one  another  $ 
the  acid  fpirits  dulcified  by  fpirit  of  wine.  The 
fpiritus  vini  astherius  introduced  by  Frobenius. 
Here  explained  why  fpirit  of  wine  retrains  the 
fermentation  of  vinous  liquors.  Why  the  ferum 
of  the  blood  and  whites  of  eggs  are  coagulated 
by  heat,  and  the  difference  between  the  fat  of 
animals  and  the  oils  of  vegetables  contidered* 
The  etfedts  of  the  acid  fpirits  on  oils  and  cam- 
phire. 

LECTURE  XIV.  p.  201. 

Of  mineral  fulphurs.  Whence  common 
brimftone  obtained.  Here  the  general  defini¬ 
tion 
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tion  of  fpars ;  and  of  mundics,  otherwife  called 
pyrites  or  marcafites.  Common  brimflone  de« 
compounded;  whence  fpiritus  fulphuris  per 
campanam,  and  the  aqua  fulphurata  of  the  pre- 
fent  pharmacopoeia :  why  the  fmoke  of  brim¬ 
flone  checks  vegetable  fermentation  :  how  bitu- 
mina  differ  from  fulphur :  fulphur  not  to  be  ana¬ 
lyzed  by  fimple  heat,  fubliming  intire  into 
flowers :  fulphur  diffolved  in  oils,  and  by  the 
help  of  fixt  alkaline  falts  in  water :  here  the 
balfama  fulphuris,  and  hepar  fulphuris.  Magi- 
flerium  fulphuris.  Sulphur  fulminated  with 
nitre  ;  whence  fal  prunellae,  and  fal  polychreflus; 
the  compofition  of  gun-powder.  The  ufe  of 
corning  gun-powder.  Pulvis  fulminans.  The 
general  ilrudlure  of  rockets,  bombs,  granadoes, 
and  other  fire-works,  with  the  reafon  of  their 
effedls.  Homberg’s  pholphorus  made.  Orpi- 
ment  here  confidered,  and  that  ambiguous  fub- 
fiance  amber. 

LECTURE  XV.  p.  216. 

On  flones.  Gems.  What  flones  will  make 
glafs,  and  how  the  operation  is  performed ;  why 
glafs,  when  melted,  is  wrought  by  blowing, 
whereas  melted  metals  are  cafl  in  a  mold.  On 
lime  :  plaifler  of  Paris.  Phofphorus  of  alum 
accounted  for  :  aqua  calcis :  the  acrimony  of 
fixt  alkaline  falts,  improved  by  lime  into  a  cau- 
flic  whence  lapis  infernalis  and  the  other  com¬ 
mon  cauflics  in  furgery  :  the  a£lion  of  lime  on 
fal  ammoniac,  whence  fpiritus  falis  ammoniac! 
cum  calce.  Mr.  Boyle’s  fuming  liquor  with 
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fulphur,  lime,  and  fal  ammoniac  :  fympathetic 
ink  with  lime  and  orpiment,  The  ufe  of  lime 
in  making  foap*,  here  foap,  both  hard  and  foft, 
prepared  :  the  ufe  alfo  of  lime  in  making  and 
refining  fngar :  fulphur  diffolved  by  lime, 
whence  fulphur  precipitatum,  commonly  called 
lac  fulphuris.  The  phofphorus  of  Balduinus 
defcribed. 

PART  IV . 

METALLURGY. \ 

LECTURE  XVI.  p.  231. 

General  character  of  metals,  perfedf  and 
imperfefh  The  calcination  of  the  metals.  Plow 
lead,  tin,  copper,  iron,  and  quickfilver  are  cal¬ 
cined  by  our  fires *,  whence  from  lead  minium. 
Silver  and  gold  not  reducible  to  a  calx  but  by 
burning-glaffes.  From  quickfilver  mercuries 
caicinatus,  ufually  called  precipitatus  per  fe ; 
alfo  from  lead,  litharge.  From  lead  and  tin  to¬ 
gether  the  powder  called  putty,  wherewith  me¬ 
tals  are  polifhed;  how  this  differs  from  the  putty 
of  the  glaziers.  Lead  is  ufed  in  planters.  From 
iron,  crocus  martis  aperiens  ;  from  lead,  vitrum 
faturni  and  flint-glafs.  The  manner  of  glazing 
earthen  wares  here  defcribed.  The  particular 
phenomena  in  the  calcining  of  metals  by  the 
burning-glafs.  How  calcined  metals  may  be 
reftored.  Spelter  fhewn  to  flame  upon  melting. 
The  caufe  of  calcination,  and  of  fuch  reftitution. 
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LECTURE  XVII.  p.  249, 

The  aftion  of  the  acid  fpirits  upon  metals 
Thofe  of  nitre  and  fea-falt  fuffice  for  dififolving 
all  metals.  Thefe  fpirits  fometimes  corrode  tho 
metals  into  powder  only,  fometimes  difiblve  and 
convert  them  into  a  fait  capable  of  cryfhlliza- 
tion,  whence  the  lunar  cauftic.  The  precipita- 
tion  of  diffolved  metals,  hence  aurum  fulminans, 
mercurius  precipitatus  albus.  How  gold  is  re¬ 
fined  from  filver.  By  oil  of  vitriol  difiolving 
iron,  is  made  fal  martis ;  by  corroding  quickfil- 
ver,  turbith  mineral.  Hence  alfo  vitriol  of  iron, 
and  oleum  martis  per  deliquium.  Tin  diffolved 
in  vinegar  produces  fal  jovis.  From  lead  and 
vinegar,  faccharum  faturni.  The  making  ce- 
ruffe.  From  copper  and  vinegar,  verdigreefe* 
From  fpirit  of ‘nitre  and  quickfilver,  mercurius 
precipitatus  ruber  and  arcanum  corrolinum. 
Filings  of  iron  and  tartar  produce  chalybs  tar- 
tarifatus  and  Helvetius’s  fcyptic.  The  affion  of 
thefe  acid  fpirits  on  the  imperfeft  metals,  whence 
magifterium  bifmuthi. 

LECTURE  XVill  p.  260. 

The  action  of  folid  falts  upon  metals.  Here 
mercurius  fublimatus  corrofivus,  its  ufe  in  refin¬ 
ing  gold.  Mr.  Boyle’s  perpetually  fuming  li¬ 
quor.  Mercurius  dulcis.  The  cauiticum  anti- 
moniale,  known  by  the  name  of  butter  of  anti¬ 
mony,  cinnabaris  antimonii,  oleum  antimonii, 
mercurius  virte,  diaphoretic  antimony,  bezoar 
mineral,  and  the  bezoardic  fpirit  of  nitre.  From 
fal  ammoniac,  flores  falis  ammoniaci  martiales, 

or 
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or  cns  veneris,  fo  called  ;  aurum  mufivum  or 
mofaicum.  Here  alfo  the  corroiion  of  the  me¬ 
tals  by  fu'lphur  ;  whence  factitious  cinnabar,  and 
chalybs  cum  fulphure  preparatus. 

LECTURE  XIX,  p.  270, 

The  reparation  of  metals  from  their  ores,  and 
the  reaforts  of  thefeveral  operations  ufed  for  this 
end.  Of  the  gold  and  filver  ores  of  America,  of 
the  gold  fands  of  Africa,  and  how  the  metal  is 
there  collected  :  how  the  fame  metals  are  ob¬ 
tained  in  Europe :  how  lead,  tin,  copper,  and 
iron  are  feparated  from  their  ores  by  charcoal  y 
and  how  lead,  tin,  and  copper  are  feparated  by 
pit-coal.  How  the  refiners  melt,  what  they  call 
the  fweep.  The  feveral  ores  fliewn,  and  alfo  mo¬ 
dels  of  the  feveral  fmelting-furnaces* 

LECTURE  XX.  p.  285. 

Of  effaying,  with  the  nature  of  the  feveral 
kinds  of  flux-powders,  Eflfays  of  the  metallic 
ores  performed, 

LECTURE  XXL  -  p.  294. 

The  reparation  of  the  imperfed  metals  from 
their  ores.  The  reparation  of  quickfllver  from 
its  ore,  in  particular  from  native  cinnabar.  How1 
bifmuth  is  melted  from  its  ore.  How  fpelter  is 
produced.  Bath  metal.  The  prod udtion  of  an¬ 
timony,  and  operations  on  it ;  the  glafs  of  anti¬ 
mony,  the  calx  commonly  called  diaphoretic  an¬ 
timony  *  reduced  to  the  metallic  form  named  re¬ 
gains 
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gulus  of  antimony,  crocus  antimonii,  regulus 
ftellatus,  and  v’inurn  emeticum.  The  antimonial 
cup.  From  the  fcoriae,  the  golden  oil  of  antimo¬ 
ny.  Gold  purified  by  antimony.  On  arfenic, 
zaphor,  and  fmalt.  On  the  mineral  called  black 
lead. 

LECTURE  XXII.  p.  304. 

Of  refining,  feparating,  and  other  prepara* 
lions  of  metals.  How  gold  and  filver,  are  fepa- 
rated  from  lead,  and  how  refined  by  this  means. 
Why  melted  glafs  Hicks  to  iron,  though  to  no 
other  metal.  Litharge  made.  How  the  repa¬ 
ration  of  metals  is  performed  at  the  mines,  how* 
by  the  refiners,  and  how  in  efiays.  How  filver 
is  got  from  lead,  how  feparated  from  copper  fo 
as  to  preferve  both  metals. 

LECTURE  XXIII.  p.  312. 

Experiments  and  other  operations  on  metals. 
Brafs  and  fteel  made.  Steel  hardened  and  tem¬ 
pered.  Why  filver  and  gold  are  alloyed  :  an  ac¬ 
count  of  our  prefent  ftandard,  with  the  changes 
it  has  undergone.  Other  mixtures  *,  whence 
bell-metal ;  cannon-metal  ^  the  metal  of  organ- 
pipes  ;  pot-metal  •,  bronzes  of  all  kinds ;  Bath 
metal ;  pewter  ;  folders  of  all  forts,  and  by  what 
artifice  folders  are  made  to  join  to  the  metals ; 
how  iron  and  copper  are  tinned,  and  how  filver 
wire  is  gilt ;  amalgamas  ;  how  glafifes  are  foiled 
with  quickfilver,  and  how  water-gilding  is  per¬ 
formed. 
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LECTURE  XXIV,  p.  33j, 
THE  CONCLUSION. 

*  '  '■*  V  <  ,  ■ 

General  recapitulation  with  additional  ex*> 
periments.  Here  confidered  the  two  univerfal 
adtive  principles  jn  nature,  the  repulfive  and  at¬ 
tractive,  and  fhewn  that  the  firfl  is  owing  to  ful- 
phur,  and  the  other  to  the  acid  in  bodies  :  apd 
confecjuently,  that  the  acid  principle  unites  the 
parts  of  bodies,  and  prefer  yes  to  each  its  refpedt- 
ive  form,  unlefs  an  external  acid  is  applied  to 
the  body  under  circumftances,  whereby  the  body 
Is  broken,  and  a  new  compound  fucceeds.  Xhe 
nature  of  the  air  farther  explained  :  that  the  air 
caufes  bodies  to  burn  by  the  fame  principle  as 
acid  Tpirits  corrode  metals  and  other  terrefirious 
fubftances. 

The  ledlure  concludes  with  fome  obfervations 
on  the  changes  in  the  take  of  bodies,  on  colours, 
and  with 
Waters. 
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COURSE  of  CHEMISTRY. 


PART  I. 

LECTURE  L 

-<t 

Of  the  Rife  of  Chemiftry ,  and  its  Application  to> 

Medicine * 

THE  operations  in  the  galenical  phar« 
macy  are  few  and  fimple  ;  but  the 
chemical  are  more  complex,  requiring 
a  greater  variety,  and  a  more  artificial  ftruftilr© 
of  inftruments  for  its  feveral  procefles. 

In  treating  of  this  part  of  pharmacy,  it  is  not 
only  neceffary  to  defcribe  the  operations,  but  to 
explain  the  principles  upon  which  they  proceed, 
and  the  philofophical  deductions  which  may  be 
made  from  them ;  for  chemiftry  has  not  only 
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been  cultivated  by  phyficians,  as  adding  to  the 
Rock  of  the  more  ancient  medicaments,  but  for 
the  infight  it  affords  into  the  confutation  of  natu¬ 
ral  bodies ;  whereby  it  promifes  no  fmall  improve¬ 
ment  of  the  phyfiological  branch  of  medicine, 
by  leading  to  a  farther  knowledge  of  the  nature 
of  our  blood  and  humours* than  could  otherwife 
be  obtained. 

But,  previous  to  the  treating  of  both  thefe 
s*afes  of  chemiftry,  it  will  be  requifite  to  give 
fome  general  idea  of  the  art,,  and  whence  it  firft 
took  its  rife. 

That  all  fenfxble  bodies  are  compofed  of  many 
different  parts  is  evident,  becaufe  they  can  be 
broke  to  pieces,  and  divided  into  very  minute 
fragments,  by  the  inftruments  of  artificers.  Ac¬ 
cordingly,  all  mechanic  performances  confift  in 
dividing,  re-uniting,  and  varying  the  forms  of 
bodies:  nay,  the  operations  of  nature,  by  which 
all  things  fubfift,  through  the  alternate  deftruc- 
tion  and  renovation  of  natural  bodies,  feem  to 
be  only  a  continual  feparating  and  re-compofing 
the  parts  of  matter,  by  the  means  of  certain 
powers  of  nature  fitted  to  that  end. 

Chemiftry,  according  to  the  extent  at  prefent 
afiigned  to  the  art,  is  an  artificial  application  of 
thefe  natural  powers,  whereby  to  difeover  the 
mature  of  thefe  powers,  and  in  what  manner  they 
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a£t  *,  as  likewife,  by  the  changes  thus  wrought 
on  bodies,  to  find  out  their  make  and  conftitu- 
tion,  and  alfo  to  form  new  productions  ufeful  in 
human  life* 

The  two  great  branches  of  this  laft,  which  is 
the  practical  part  of  chemiftry,  are  the  preparing 
of  medicines,  and  the  treatment  of  metals. 

In  regard  to  the  antiquity  of  each  of  thefe,  I 
do  not  know,  that  the  application  of  chemiftry 
to  phyfic  can  be  traced  higher  than  the  learned 
times  of  the  Arabians.  In  general,  many  of  the 
prefent  forms,  under  which  medicines  are  ufually 
adminiftered,  we  owe  to  them  $  and  to  this  day* 
retain  many  words  in  pharmacy  derived  from 
their  language  ;  fuch  as,  fyrup,  julep*  lohoch^ 
and  the  like,  which  are  originally  Arabic  words* 

Among  the  preparations  of  pharmacy  in  ge¬ 
neral,  fome  only  mix  the  medicine  with  fuch 
other  fubftances  as  may  preferve  it  from  corrup¬ 
tion,  fo  that  it  may  be  kept  a  longer  time  fit  for 
nfe  •,  the  intention  of  fome  is  no  more  than  to 
cover  over  and  difguife  the  tafte  of  fuch  medi¬ 
cines  as  are  difagreeable  to  the  palate  *  but 
others  feparate  a  part  from  the  grofs  material, 
whereby  the  medical  part  of  the  material  being, 
difunited  from  the  reft,  it  may  not  only  be  taken 
with  lefs  reltuftance,  but  may  operate  more  for¬ 
cibly,  than  when  united  with  the  reft  of  the  com- 
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pound  :  moreover,  the  effect  of  fuch  feparated 
parts  is  oft  times  very  different  from  the  effeft 
of  the  compound  itfelf. 

Deco&ions  in  water  are  preparations  where 
the  juices  are  feparated  from  the  grofs  parts  of 
the  medicine  by  boiling ;  and  this  preparation 
has  been  in  ufe  from  the  earlieft  times  :  but,  be¬ 
ll  des  this  fimple  method  of  feparating  the  effec¬ 
tual  from  the  inefficacious  parts,  the  Arabians 
introduced  other  more  artificial  kinds  of  fepara- 
tion,  for  this  purpofe,  by  chemical  operations. 

The  other  branch  of  practical  chemiflry, 
which  confifts  in  the  fmelting  and  refining  of 
metals*  has  been  in  ufe  from  the  earlieft  ac¬ 
counts  of  time.  Indeed,  this  is  an  art  fo  necef- 
fary,  that,  till  it  was  difcovered,  men  could  not 
have  led  any  other  than  a  favage  life. 

Though  both  thefe  fubjedls  are  at  prefent 
confidered  as  the  proper  objects  of  chemiftry, 
yet  it  muft  be  confeffed,  that  the  art  was  very 
different  in  its  original.  The  name  of  chemiftry 
feems  firft  to  have  made  its  appearance  in  the 
world  with  the  ridiculous  pretence  of  converting 
other  fubftances  into  gold  and  filver.  How  an¬ 
cient  this  fanciful  fcheme  has  been,  or  where  it 
firft  took  its  rife,  is  not  eafy  to  determine.  It 
certainly  owes  not  its  original  to  the  Arabians  $ 
for  it  was  undoubtedly  among  the  Greeks  fome 

ages- 
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ages  before  they  had  any  communication  with 
that  people.  The  name  of  the  art  occurs  in 
Julius  Fermicus,  an  author  near  the  time  of 
Conftantine  the  Great;  and  within  an  age  or  two 
after,  the  fcheme  itfelf  of  making  gold  and 
filver,  is  mentioned,  by  other  authors,  as  open¬ 
ly  pretended  to.  And,  on  the  other  hand, 
Abul  Farajius,  an  eaflern  writer,  allures  us, 
that,  as  the  wandering  Arabs  were  always  de- 
ftitute  of  arts,  fo  thofe  who  lived  in  fixed  habi¬ 
tations,  had  no  other  fubje&s  of  literature  among 
them,  before  the  times  of  Mahometanifm,  than 
the  ftudy  of  their  language,  and  poetry  ^  they 
made  no  pretenfions  to  any  fubjedi  of  philofo- 
phy  whatever,  not  even  aftronomy ;  though,  for 
the  ufe  of  agriculture,  they  were  obliged  to  ob- 
ferve  the  rifings  and  fettings  of  ftars ;  yet  in 
this  they  confined  themfelves  merely  to  practi¬ 
cal  obfervations,  without  attempting  to  raife  any 
agronomical  fyftem  upon  them.  Now,  the  ear- 
lieft  writers  upon  this  art  of  gold-making  always 
give  themfelves  the  name  of  philofophers  in  fo 
high  a  ftrain,  as  if  they  only  were  worthy  of  that 
appellation :  they  likewife  fpeak  of  their  art,  as 
of  very  great  antiquity  *9  but  we  have  no  writers 
upon  it,  that  can  with  any  reafon  be  fuppofed 
prior  to  the  translation  of  the  Roman  empire 
from  Italy  to  Conftantinople  i  though  there  are 
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found,  in  fome  of  the  libraries  of  Europe,  pieces 
with  very  ancient  names  prefixed,  fuch  as  of 
Democritus,  and  the  ftill  much  more  ancient 
^Egyptian,  Hermes.  This  has  made  fome  mo? 
derns  fond  of  imagining  the  art  to  have  been  in 
Egypt  from  the  earlieft  times  :  but  thefe  are 
credulous  gentlemen,  and  proceed  upon  the 
fuppofition,  that  this  piece  of  {kill  did  really 
once  exifi  ;  that  the  immenfe  wealth  thofe  peo¬ 
ple  boafled  of  to  ftrangers,  was  produced  by 
this  art;  and  even  give  ear  to  the  tale,  that 
Pioclefian,  to  hold,  at  laid,  this  nation  in  fub- 
jeftion,  was  obliged  to  deftroy  their  books  of 
chemiftry,  in  order  to  cut  off  a  fource  of  wealth, 
by  which  they  were  inftigated  and  enabled  com 
tinually  to  rebel ;  whereas  it  is  extremely  incre¬ 
dible,  that  fo  much  as  a  pretence  of  this  kind 
Could  have  exifled  among  that  people,  and  not 
haye  come  to  the  knowledge  of  the. Greeks,* 
while  they  were  rpafters  of  that  country,  how¬ 
ever  induftrioufiy  the  fecret  might  have  been 
concealed.  If,  therefore,  this  imaginary  art  did 
not  take  its  fifft  rife  among  the  Greeks,  in  the 
latter  times  of  the  empire,  when  learning  and 
knowledge  declined,  as  moft  probably  it  did 
not,  I  think  we  muft  look  out  for  fome  othef 
fource  whence  to  derive  it.  Travellers  inform 
lts9  that  this  fcheme  has,  for  fome  ages  at  leaft? 
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been  purfued  with  afliduity  by  many  of  thepeo» 
pie  of  the  Eaft  *,  and  the  Romans  began  to  have 
communication  with  the  Perftans  even  before  the 
removal  of  the  empire  eaftward,  which,  upon 
that  nearer  approach  to  them,  muft  have  en- 
creafed  :  by  this  means,  therefore,  they  might 
become  acquainted  with  this,  and  perhaps  other 
fooleries  of  the  eaftern  nations,  with  which,  in 
the  decline  of  arts,  they  themfelves  were  capti¬ 
vated. 

It  does  not  appear,  that  the  application  of 
any  chemical  productions  to  medicine  was  at¬ 
tempted  thus  early  ;  but  the  Arabians  exprefly 
applied  chemical  operations  to  this  purpofe. 
Though  the  abfurd  conceit  of  difcovering,  by 
the  fecrets  of  this  art,  one  medicine  that  fhould 
be  a  univerfal  remedy  againft  all  difeafes  what¬ 
ever,  is  of  a  more  modern  date.  If  Paracelfus  is 
not  the  fir  ft,  he  is  the  moft  eminent  of  the  pre¬ 
tenders  to  this  incredible  fecret ;  to  which  Van 
Helmont  has  added  the  farther  extravagance  of 
an  antidote  even  againft  fate,  and  promifes  no 
kfs  than  immortality  itfelf. 

The  firft  of  thefe,  Paracelfus,  whom  every 
true  adept  admires  to  this  day,  appeared  at  the 
time  of  that  grand  reftoration  of  arts  and  learn-  4 
ing,  when  lcience  began  to  be  delivered  from 
the  fhackles  put  on  the  purfuit  of  knowledge 

B  4  by 


8 


A  COURSE 


Part  I, 


by  the  fuperftitious  veneration  for  antiquity, 
which,  till  then,  had  been  an  effectual  bar  againft 
improvements  of  any  kind.  At  this  time  arofe 
Vefalius,  by  whofe  labours  in  anatomy,  the  dic¬ 
tates  of  the  ancient  fages  were  brought  to  a  juft 
trial,  whereby  the  formal  do&rines  of  the  fchools, 
built  on  Ariftotle  and  Galen,  were  found  not  fo 
infallible  as  had  hitherto  been  prefumed  •,  and 
from  hence  a  genuine  method  of  inquiring  into 
nature  was  gradually  introduced.  At  this  time, 
Paracelfus  alfo  entered  the  lifts,  and  declared 
open  war  upon  the  fchools,  difavowing,  in  the 
mod  opprobrious  terms,  the  whole  ancient  doc¬ 
trine,  and  the  philofophic  fyftems,  by  which 
thefe  often tatious  fuperfluities  were  fupported, 
to  which  all  men  had  as  yet  implicitly  fubfcribed. 
But  nothing  more  rational,  that  fhould  prevail 
with  men  to  quit  the  dictates  they  had  embraced 
from  their  earlieft  youth,  could  be  expedtecl 
from  one  of  this  man?s  character,  which  was  per¬ 
haps  the  mod  abfurd  that  ever  impofed  on  man¬ 
kind.  From  the  age  of  five  and  twenty,  his  life 
was  fpent  in  drunken  debaucheries  with  the  moft 
illiterate  people*-,  his  whole  pretenfions  in  phy- 
fie  fupported  by  a  daring  and  inconfiderate  ufe, 
after  the  manner  of  more  modern  empirics,  of 
fome  powerful  medicines,  (though,  perhaps, 

#  Oporin.  Epift.  ad  Solenandr.  ct  Wier. 
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much  fewer  in  number  than  is  commonly  pre¬ 
tended)  in  which  it  mu  ft  be  fuppofed  he  was 
fometimes  fortunate ;  but  probably  much  oftner 
unfuccefsful,  if  he  fcrupled  not  to  own  to  Opo- 
rinus,  his  admirer  and  follower,  that  he  fcarce 
ever  could  keep  his  pradtice  in  credit,  above  a 
year  in  anyone  place-f.  What  kind  of  refor¬ 
mation  he  aimed  at,  may  be  judged  of  by  the 
following  fpecimen,  where,  in  cenfuring  the 
dodtrine  then  in  fafhion,  of  appointing  directors 
to  guide  medicines  to  the  difeafed  part,  he  ex¬ 
plains  the  matter  thus :  Non  enim  eo  modo  medicina 
frovehitur ,  fed  feipfam  promovet  per  virtutetn  fiue 
imaginist  For  example,  eyebright  has  in  itfelf 
the  form  and  image  of  the  eye  :  whence,  when  it 
is  taken  in,  it  pafies  to,  and  (tops  at  its  own  mem¬ 
ber,  and  with  the  form  of  that  member;  fo  that 
the  eyebright  becomes  entirely  eye.  In  like 
manner,  is  contained  the  form  of  all  the  mem¬ 
bers  of  the  human  body  in  plants,  ftones,  metals, 
$nd  minerals. 

Thus,  though  from  this  time  the  fciences  in 
general  began  to  be  cultivated  in  a  more  ratio¬ 
nal  manner  than  before,  chemiftry  did  not  ad¬ 
vance  by  the  fame  degrees  with  the  reft,  from  its 

f  Conring.de  Hermetic.  Medicin,  1.  ii.c.  13. ex  Oporiru 
Epift. 

*  Labyrinth.  Med.  c.  8. 
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profeflbrs  infilling  themfelves  under  this  mad¬ 
man,  and  rendering  themfelves  ridiculous  by 
labouring  in  earned  to  find  a  meaning  to  fuch 
drunken  ravings,  and  profefiing  a  veneration  for 
one,  who  could  affert  the  fpleen,  and  even  the 
kidneys,  to  be  parts  noxious  to  life,  and  ought 
to  be  deftroyed  j  nay,  could  treat  the  idle  tale 
of  Fortunatus  and  his  wifiiing-eap,  as  com po fed 
by  good  and  holy  men. 

But,  indeed,  it  has  been  the  fate  of  chemif- 
try  to  be,  for  a  long  time,  chiefly  cultivated  by 
men  fo  far  removed  from  that  fobriety  of  mind 
and  judgment  neceffary  both  in  philofophical 
and  medicinal  enquiries,  that  they  have  rather 
rivalled  each  other  in  extravagancies,  he  being 
moil  admired,  who  abounded  in  conceits  the 
fartheil  removed  from  good  fenfe.  Of  this  no 
greater  proof  can  be  given  than  in  Van  Hel- 
mont,  who  advanced  himfelf  to  become  a  dan¬ 
gerous  rival  in  fame  even  to  the  great  Paracelfus, 
by  thofe  dreams,  and  doting  fancies,  with  which,, 
in  obfcurity,  he  amufed  his  rambling  imagina¬ 
tion,  that  render  him  no  lefs  an  objedl  of  con¬ 
tempt,  than  the  fupercilious  ignorance  of  the 
other  merits  our  fcorn  and  indignation, 

Thefe  men’s  abfurdities,  as  well  as  the  ridicu¬ 
lous  original  of  the  art,  would  naturally  preju¬ 
dice  men  of  underftanding  agaiqft  it ;  but  as  it 

has 
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has  at  length  been  alfo  cultivated  by  men  of 
more  fober  minds,  it  has  furmounted  thefe 
prejudices  ;  and  being  found  to  have  ac¬ 
tually  fupplied  us  with  many  valuable  remedies, 
a  juft  diftindtion  has  been  made  between  the  art 
itfelf,  and  the  follies  of  its  profeftbrs ;  and  fuch 
chemical  preparations  as  are  found  to  have  real 
ufein  phyfic,  are  univerfally  held  in  due  efteem, 
without  being  either  extravagantly  extolled  by 
one  fet  of  men,  or  unreafonably  depreciated  by 
another, 

The  purfuit  after  the  philofopher’s  ftone,  or 
the  art  of  making  gold,  and  the  learch  after  the 
univerfal  medicine,  are  now  diftinguifhed  from 
the  more  vulgar  part  of  chemiftry  by  the  name 
of  alchemy  *,  and  it  is  highly  proper,  that  fuch 
extravagancies  ftiould  be  effectually  diitinguifh** 
ed  from  what  is  ufeful,  that  while  one  is  treated 
with  the  contempt  it  deferves,  the  other  may  not 
lofe  its  efteem  in  the  minds  of  men. 

But  befides  the  two  ufes  of  chemiftry  already 
mentioned,  that  of  preparing  medicines  for  the 
ufe  of  phyfic,  and  that  other,  which  relates  to 
the  metallurgic  art,  there  is  alfo  a  third  pur* 
pofe  to  which  it  has  been  applied;  which  is  the 
improvement  of  natural  philofophy,  and  by  its 
operations  to  gain  a  further  infight  into  the  con- 
'  fiitutionof  natural  bodies,  For  this  defign,  che¬ 
miftry 


12 


A  COURSE  Part  L 

miftry  is  abundantly  fitted  ;  for  there  is  no  way 
fo  obvious  of  coming  at  the  knowledge  of  the 
ftru&ure  of  bodies,  as  by  dividing  them,  and 
feparating  the  parts  of  which  they  are  compofed, 
fo  that  each  part  may  be  viewed  and  ccnfidered 
separately. 

The  firfb  enquiry  to  be  made  into  organica! 
bodies,  fuch  as  animals  and  vegetables,  is  by 
taking  to  pieces  the  organs  of  which  they  are 
compofed,  and  to  confider  the  feverai  ufes  of 
each.  Thus  great  progrefs  has  been  made  in 
the  knowledge  of  animals  by  anatomy  ;  and  alfo 
a  great  infight  gained  into  the  flruclure  of  vege¬ 
tables  from  fuch  inquiries  into  their  compofi- 
tion,  as,  from  its  fimilitude  to  what  is  done  in 
the  anatomy  of  animals,  is  ufually  called  the  ana¬ 
tomy  of  plants. 

Thus  is  found,  by  what  organs  animals  and 
vegetables  are  rendered  fit  to  continue  on  their 
refpe&ive  lives  :  but  how  the  parts  of  matter, 
which  frame  thefe  organs,  are  conftituted  and 
held  together,  is  no  part  of  this  anatomy  to 
teach ;  this  is  ftill  a  more  remote  enquiry  j  and 
in  this  chemiitry  promifes  no  fmall  affiftance. 

But  it  is  not  to  be  expe&ed,  that  the  fore-  men¬ 
tioned  extravagant  writers,  whofe  thoughts  were 
carried  aftray  after  thofe  wild  purfuits,  of  the 
making  of  gold  and  univerfal  medicines,  fhould 
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be  able  to  make  any  found  difcoveries  in  natural 
philofophy  :  in  fadt,  it  appears,  that*  though 
they  are  very  bold  in  their  pretenfions,  they  arc 
here  alfo  confiftent  with  themfelves,  and  have 
indulged  the  like  idle  dreams  in  their  inquiries 
into  natural  caufes. 

This  ufe  of  chemiftry  our  countryman,  Mr. 
Boyle,  has  cultivated  in  a  manner  that  has 
done  him  and  the  art  honour.  He,  at  the  fame 
time  that  he  pradtifed  in  the  art  with  great  afli- 
duity,  has  cenfured  and  confuted  the  vain  reafon- 
ing  of  preceding  chemifts  with  much  freedom. 

But  above  all,  the  immortal  fir  Ifaac  Newton 
mull  here  be  mentioned,  of  whom  it  appears* 
from  his  writings,  that  the  art  of  chemiftry  was 
worthy  a  confiderable  place  in  his  thoughts,  and 
that  he  was  very  well  acquainted  with  its  opera¬ 
tions.  Nor  did  he  cultivate  it  without  fome 
meafure  of  the  like  fuccefs,  as  he  had  in  all  the 
other  fubjedts  that  employed  his  mind.  He  has 
given  hints  that,  well  improved,  will  open  a  way 
to  make  the  greateft  difcoveries  in  nature,  by  the 
means  of  this  art.  Not  only  his  general  proofs, 
drawn  from  chemical  experiments,  of  fome  ac¬ 
tive  principles  exifting  in  nature,  by  which  all 
natural  effedts  are  caufed  ^  but  his  more  parti¬ 
cular  thoughts,  concerning  the  nature  of  acids, 
cannot  be  fufficiently  admired.  If  we  do  not 

reft 
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reft  fatisfied  in  expatiating  upon  thefe  general 
hints  he  has  given  us,  but  make  that  ufe  of  them* 
he  intended,  and  confider  them  as  guides  to  a 
more  particular  difcovery  of  the  nature  and  man¬ 
ner  of  operation  of  thefe  powers*  I  doubt  not* 
but  at  length  fome  happy  genius  will  arife,  who 
fhall  open  to  our  view  a  new  and  large  field  of 
difcoveries,,  This  I  am  the  more  emboldened 
to  fay,  when  I  confider  the  difcoveries  this  great 
man  has  himfelf  made,  not  only  in  the  larger 
fyftem  of  the  world,  but  alfo  concerning  the 
operations  of  nature  in  the  fmall  parts  of  matter* 
And  as  this  latter  part  of  his  difcoveries  are 
made  by  the  confideration  of  light,  and  the  mu¬ 
tual  adlion  between  it  and  bodies ;  fo  we  are  to 
take  notice,  that  the  operations  of  chemiftry  are 
principally  produced  by  the  application  of  heat,* 
which  is  the  great  inftrument  that  nature  herfelf 
makes  ufe  of  in  all  her  operations,  and  appears 
always  to  accompany  light  in  proportion  to  its 
quantity.  And  what  fhould  farther  raife  our 
expectations  from  experiments  made  by  the  ap¬ 
plication  of  heat  and  fire  is,  that  heat  is  fuch  a 
univerfal  inftrument  of  nature,  that  the  light  of 
the  fun,  by  which  all  nature  lives,  fheds  its  vivi¬ 
fying  influence  by  its  power  of  producing  heat.- 
As  I  defign  to  purfue  this  Courfe  of  Chemiftry 
in  the  method  I  judge  moft  conducive  to  illuf- 
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trate  the  application  of  this  art  to  natural  philo- 
fophy,  1  fhall  begin  with  explaining,  as  diftindT 
\j  as  I  carl,  the  nature  of  heat  •,  for,  firlce  the 
operations  of  chemiftry  are  produced  chiefly 
by  heat,  in  order  to  judge  of  the  changes  wrought 
in  bodies  by  chemical  operations,  it  is  neceffary 
Co  know  how  heat  operates,  and  what  effe&s,  in 
general,  it  is  difpofed  to  produce  in  the  fubje£ts* 
whereon  it  a6ts :  and  this  I  defign  for  the  fub~ 
iedt  of  our  next  meeting. 


L  E  C- 
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LECTURE  II. 

IPropofed,  at  the  laffc  meeting,  to  open  ouf 
chemical  procefles  with  fome  confiderations 
on  the  nature  of  heat. 

The  moft  confpicuous  caufe  of  heat  is  the  fun  $ 
without  whofe  beams,  a  univerfal  cold  would 
overfpread  the  face  of  nature ;  all  motion  and 
life  would  ceafe ;  and  the  whole  earth,  with  all 
things  it  contains,  would  become  one  dead  mafs 
of  matter:  but  the  fun,  being  alfo  the  great  pa¬ 
rent  of  light,  it  has  been  ufual  to  fpeak  of  light 
and  heat  promifcuoufly,  as  if  the  immediate  in- 
ftrument  of  both  were  the  fame.  However,  it 

muft  be  acknowledged,  that  they  do  notaccom- 

\ 

pany  each  other  conftantly  in  the  fame  propor¬ 
tion.  I  admit,  that  heat  always  follows  light  j 
and  that  the  degree  of  this  heat  is  proportio¬ 
nal  to  the  quantity  of  light :  for  though  it  is 
certain,  that  we  often  fee  light,  where  we  feel  no 
fenfible  heat  at  all,  (fuch  a  light  is  the  fhining  of 
the  glow-worm,  of  rotten  wood,  of  the  foam  of 
the  fea,  of  the  phofphorus,  and  the  like)  yet  it 
muft  not  be  concluded,  that  thefe  weak  lights  do 
not  give  a  proportional  heat,  though  it  be  infen- 
2  ftbks 
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fible  to  us;  for  our  organ  of  fight  is  to  be  affect¬ 
ed  by  a  very  fmall  quantity  of  light.  The 
light  of  the  moon  is  greatly  more  fennble  than 
any  of  thefe  ;  and  yet  its  quantity,  upon  com¬ 
putation,  wili  be  found  to  be  exceeding  fmall. 

The  light  of  the  moon  is  the  rays  of  the  fun 
reflected  from  that  planet  to  us  ;  and  what 
part  of  the  fun’s  light  the  moon  receives,  and 
how  much  the  light  reflected  from  the  moon 
is  fcattered  before  it  comes  to  us,  may  be  com¬ 
puted  without  difficulty. 

By  this  means  might  be  compared  the  light 
we  receive  from  the  fun  with  that  we  receive 
from  the  moon,  if  the  moon  reflected  all  the 
rays  of  the  fun  which  fall  upon  it ;  for  then 
the  greatefl:  light  we  can  receive  from  the 
moon,  when  at  the  full,  and  alfo  neareft  to  the 
earth,  will  be  exceeded  by  the  light  of  the  fun 
more  than  87,000  times.  But  if  we  fuppofe 
the  moon  to  refleCt  but  half  the  light  that  falls 
upon  its  furface  (which  is  the  mod  that  can 
with  any  probability  be  fuppofed),  then  the 
light  of  the  moon  will  be  exceeded  by  the  fun’s 
light  more  than  170,000  times;  and  in  the 
mean  diftance  of  the  moon  from  the  earth, 
her  light  will  be  exceeded  by  the  fun  more 
than  190,000  times.  Some  experiments  havd 
concluded  it  to  be  fcarce  two  thirds  of  this. 
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Now,  fince  the  light  of  the  moon  is  fo  exceeding 
fmall,  it  is  manifeft,  why  no  fenfible  heat  accom  ¬ 
panies  it. 

However,  though  there  is  no  proof,  that  a 
proportional  quantity  of  heat  does  not  always 
accompany  every  degree  of  light  ^  yet  on  the 
other  hand,  it  is  manifeft,  that  there  is  no  necef- 
fity  for  the  fame  degree  of  heat  to  be  always  at¬ 
tended  with  the  fame  quantity  of  light ;  for  many 
bodies  will  be  very  hot  without  fhining  at  all. 

Heat,  therefore,  is  an  effect  produced  by  the 
rays  of  light,  but  may  alfo  be  produced  without 
them.  But  the  fun’s  rays  being  the  great  in- 
ftrument  of  the  heat  and  warmth  whereby  all 
nature  is  invigorated,  the  consideration  of  light 
very  naturally  led  the  great  fir  Ifaac  Newton  to 
enquire  a  little  into  fo  very  important  an  effedt 
of  it.  As  a  means  to  obtain  fome  idea  how  heat 
is  propagated,  he  propofes  the  following  experi¬ 
ment.  Let  two  thermometers,  each  included 
under  a  glafs,  be  removed  from  a  cold  room  in¬ 
to  one  that  is  warmer ;  and  let  one  of  the  glaffes 
be  exhaufted  of  its  air,  the  other  not :  then  it 
will  be  feen,  that  the  thermometers  thus  inclofed 
will  foon  feel  the  warmth  of  the  place  into 
which  they  are  brought  ^  and  that  from  which 
the  air  has  been  exhaufted,  will  be  affedled  near- 
ly  as  foon  as  the  other.  In  like  manner,  if  the 
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thermometers  be  carried  from  a  warm  room  into 
a  cold  one,  they  will  foon  be  affebted  by  the 
cold  of  the  latter  place  ;  and  that  from  which 
the  air  is  withdrawn,  will  feel  the  change  near  as 
readily  as  the  other.  For  greater  fatisfa£Hon$ 
he  directs  the  experiment  to  be  made  in  the 
dark*  that  the  light  of  the  place  may  not  be  fuf- 
pebted  to  have  any  influence  in  the  fuccefs  of 
the  experiment.  Now,  as  the  thermometers 
cannot  be  affected  without  feme  agent  to  operate 
upon  them,  there  is  fomething  within  the  giaffes* 
by  which  this  efFebt  is  produced.  The  air  is 
extracted  out  of  one  of  them;  it  is  not  therefore 
the  air  that  caufes  this  appearance  :  nor  can  the 
heating  of  the  thermometers  be  caufed  by  par- 
tides  of  light  latent  in  the  air  of  the  warm  room  % 
for  if  fo  great  a  quantity  of  fuch  particles  were 
to  rufh  on  the  thermometers,  by  being  reflebted 
from  them,  they  would  become  vifible  ;  for  we 
have  already  fnewn,  that  a  lefs  quantity  of  light, 
than  what  is  fufficient  to  produce  fenflble  heat* 
is  very  vifible  :  and  when  the  thermometers  are 
affebted,  upon  being  removed  into  the  colder 
place,  it  is  ftill  more  manifeft,  that  they  do  not 
grow  cold  by  any  particles  of  light  efcaping  from 
them*  becaufe  they  could  not  but  be  feen.  In 
fhort,  there  is  no  room  to  avoid  fuppofing,  that 
the  glafifes  with  which  the  thermometers  are  co- 
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vered,  do  both  contain  in  them  fome  fubftance 
that  will  remain  after  the  air  is  withdrawn,  by 
the  means  of  which  the  heat  is  communicated 
between  the  fpace  within  the  glaffes  and  the  air 
without ;  fo  that  the  fpace  within  the  glaffes 
will  receive  warmth  from  the  ambient  air,  when 
the  glaffes  are  brought  into  the  warmer  place ; 
and  when  they  are  carried  into  the  colder  room, 
this  fubftance  within  the  glaffes  will  propagate 
its  heat  to  the  air  without;  and  by  that  corn- 
munication  of  its  heat,  grow  itfelf  colder,  lofing 
from  itfelf  fo  much  heat  as  it  imparts  to  the 
other. 

By  this  experiment  of  fir  Ifaac  Newton,  we 
fee,  that  it  is  not  by  the  air  chiefly,  that  hot 
bodies  communicate  their  heat  to  cold  ones  near 
them  ;  nor  that  hot  bodies  have  their  heat  di- 
miniflied  by  the  neighbourhood  of  thofe  which 
are  colder.  An  experiment,  which  I  fhall  now 
make,  will  farther  conduce  to  {hew  how  heat  is 
propagated.  If  a  fmall  wire  be  held  in  a  flame, 
wherein  it  would  fpeedily  grow  hot ;  when  a 
larger  body  of  metal,  on  which  the  flame  can¬ 
not  acft  fo  ftrongly,  is  contiguous  to  the  wire,  or 
only  held  very  near  it,  in  the  fame  flame,  the 
wire  will  not  be  afFcdbed  fo  foon  as  when  it  is 
held  in  the  flame  alone:  nay,  I  have  held  a  very 
llender  wire  in  a  flame,  under  thefe  circum- 
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fiances,  without  being  able  to  bring  it  to  a  red 
heat  at  all.  We  fee,  that  the  tallow  in  the  wick 
of  a  lighted  candle  will  not  burn  down  to  the 
very  body  of  the  candle  ;  but  that  the  body  of 
the  candle  keeps  this  tallow  within  fome  diflance 
too  cool  for  it  to  take  fire. 

(Here  the  experiments .) 

Thefeexperiments,  I  think,  evidently  fhew,  that 
every  hot  body  neceffarily  affeds  fomething  with¬ 
out  itfelf ;  and  when  that  fubftance  without  is 
indifpofedto  be  fo  affeded,  the  body  cannot  grow 
hot  under  that  operation,  which  would  otherwife 
have  heated  it :  fo  that,  upon  the  whole,  we 
cannot  doubt,  butthatthedifpofition  of  anybody, 
which  we  term  its  heat,  is  owing  to  fome  fub- 
flance  every  where  prefent,  which  being  in  any 
place  affeded  after  fome  certain  manner,  will 
communicate  heat  to  any  body  refiding  in  that 
place,  in  proportion  to  the  degree  wherein  the 
fubftance  is  fo  affeded.  What  kind  of  fubftance 
this  is ;  what  the  difpofition  of  it  is,  by  which  it 
heats  bodies;  and  how  bodies  are  affeded  when 
hot,  is  in  the  next  place  to  be  confidered. 

Heat  dilates  and  enlarges  the  dimenfions  of  all 
bodies.  This  effed  of  heat  has  given  rife  to  the 
invention  of  the  thermometer  ;  which  is  nothing 
elfe  than  a  vefiel  fo  contrived  as  to  meafure, 
with  great  exadnefs,  the  degree  of  expanfion  of 
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fome  fluid  contained  m  it.  All  bodies,  both 
fluid  and  foiid,  fuller  this  eflfetfl  from  heat  \ 
that,  when  hot  or  warm,  they  take  up  more 
room  than  when  colder. 

The  only  exceptions  to  this  rule  are  fuch  bo-* 
dies,  which  in  fome  degrees  of  heat  are  fluid, 
but,  by  a  fufficient  diminution  of  it,  become 
rigid  and  brittle.  The  mofl  known  example  of 
this  is  water  freezing  into  ice.  Water  contrails 
itfelf  more  and  more  by  cold,  like  other  bodies, 
gs  long  as  it:  remains  fluid  ;  yet,  as  foon  as  it 
freezes  and  becomes  ice,  it  expands  itfelf  again 
very  remarkably.  The  like  happens  alfo  to 
melted  iron,  which  congeals  into  a  brittle  body* 
though  this  is  not  fo  in  other  metals,  which, 
when  cold,  are  dnilile  :  but  this  is  owing  to  the 
change  of  texture  which  they  undergo,  whereby 
they  are  rendered  brittle.  It  is  manifefl:  in  ice, 
from  its  being  lefs  tranfparent  than  water,  that 
its  pores  are  become  larger. 

(Here  thermometers  Jhewn  ;  and  the  fever  al  rods 
extended  by  heating  them  \  alfo  the  'pin  and 
hole.) 

The  reafon  of  this  fo  Angular  an  appearance 
we  fhall  enquire  into  hereafter. 

From  this  general  effedl  of  heat  in  dilating  all 
bodies,  it  muff  be  concluded,  that  heat  puts  the 
the  parts  of  all  bodies  into  motion  *  for,  without 
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fome  motion  in  the  parts,  the  whole  body  could 
not  be  fwelled.  We  {hall  find  alfo,  upon  further 
examination,  that  the  fmall  parts  of  matter  are 
put  and  continued,  by  heat,  in  a  vibratory  mo¬ 
tion.  By  this,  they  emit,  when  hot  to  a  certain 
degree,  particles  which  affedb  the  eye  with  the 
fenfation  of  light.  The  fun  feems  only  to  be  a 
great  globe  of  matter  heated  fo  hot  as  to  emit 
light  and’ {hine.  Heated  bodies  alfo,  by  this  vi¬ 
bratory  agitation  of  their  parts,  emit  fumes. 
The  fumes  which  hot  bodies  emit,  are  fuf- 
pended  from  falling  down  again  by  the  air ; 
but  the  air  contributes  nothing  to  their  emiffton; 
on  the  contrary,  it  is  an  impediment.  Bodies, 
when  the  preffure  of  the  air  is  removed,  emit 
fumes  with  a  lefs  degree  of  heat  than  they  will 
do  in  the  open  air ;  as  water  will  boil  with  a  lefs 
heat  in  vacuo,  than  when  expofed  to  the  air: 
nay  fome  bodies,  when  freed  from  the  preffure 
of  the  incumbent  air,  will  fend  out  fumes,  which, 
in  the  open  air,  never  are  known  to  emit  any. 

Having  here  made  mention  of  the  light  emit¬ 
ted  by  bodies  when  hot,  I  {hall  {hew  whence  the 
the  change  of  colour  arifes,  which  is  feen  in  the 
emitted  light,  as  the  body  increafes  in  its  heat. 
Almoft  all  bodies,  at  firft,  emit  red  light,  which 
by  degrees  alters,  till  with  the  moft  intenfe  heat, 
the  light  becomes  white. 
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Sir  Ifaac  Newton  has  fhewn,  that  the  rays  of 
light  which  affect  the  organ  of  light  with  the  co¬ 
lour  of  rednefs,  are  the  lead  refrangible  of  any; 
the  yellow  light  fomething  more  refrangible;  the 
green  itill  more  ;  the  blue  more  than  the  green  ; 
and  the  violet  light  molt  of  all.  Hence  it  appears, 
that  the  adtion  between  bodies  and  the  red  rays 
is  the  weakeft ;  and  in  the  reft  the  action  is 
flronger,  in  proportion  to  the  degree  of  refran- 
gibility  ;  and  agreeably  hereto,  a  lefs  action  of 
heat  fuffices  for  expelling  the  red  rays  than  for 
the  reft ;  and  all  the  other  rays  are  expelled,  in 
prder,  as  they  are  lefs  refrangible.  Whence  the 
light  firft  emitted  by  hot  bodies  is  red  ;  and 
with  the  increafe  of  heat,  it  gradually  changes, 
by  the  acceffion  of  rays  of  other  colours,  till  be¬ 
ing  at  length  compounded  of  all  colours,  it  be¬ 
comes  white.  Where  the  heat  is  fo  ftron^  as 
to  throw  out  the  blue  and  neighbouring  rays  in 
an  over-great  proportion,  the  light  emitted  is 
blueifh. 

Here,  perhaps,  it  may  not  be  amifs  to 
obviate  an  objection,  which  this  account  of  the 
emiffion  of  light  from  hot  bodies  may  poffibly 
fugged:  againfl  what  has  been  concluded  in  re¬ 
lation  to  phe  propagation  of  heat.  It  may  be 
fuppofed,  that  the  rays  emitted  by  hot  bodies, 
pay  not  be  confined  within  the  limits  of  thofe 
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which  affect  our  organ  of  fight.  The  rays  of 
light,  as  they  approach  to  the  extremity  of  the 
moft,  and  alfo  of  the  leaft  refrangible,  grow  of 
fo  obfcure  a  colour,  that  they  feem  gradually  to 
lofe  the  power  of  affecting  our  fenfe.  Now, 
perhaps,  it  may  be  aflced,  whether  bodies,  not 
hot  enough  to  emit  lucid  rays,  may  not,  how¬ 
ever,  throw  out  fome  lefs  refrangible  than  any 
we  can  fee,  which,  by  falling  on  other  bodies, 
may  excite  heat  in  them.  But,  notwithftanding 
this  fuppofition,  we  can  know,  that  no  fuch 
means  as  this  is  the  primary  caufe  of  the  propa¬ 
gation  of  heat.  This  is  certain,  from  the  ob- 
fervation  before  laid  down,  that  a  hot  body 
does  not  only  communicate  heat  to  a  cold  body 
near  it,  but  likewife,  that  a  cold  body  will  di- 
minifh  the  heat  of  a  hot  one  brought  into  con¬ 
tact,  or  within  a  fmall  diftance  of  it :  for  this 
diminution  of  the  heat  can  no  way  be  effected 
by  the  intervention  of  thefe  rays  *,  for,  by  the 
cold  body’s  reflecting  them  back  upon  the  hot 
one,  its  heat  would  rather  be  preferved  than 
leflened,  fince  we  fee  the  rays  of  light,  after  re¬ 
flection,  excite  heat  no  lefs  than  when  they  ififue 
directly  from  the  lucid  body. 

But  to  return,  what  kind  of  motion  the  parts 
of  bodies  have  by  heat,  will  appear  from  the 
due  confideration  of  light. 
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There  is  a  mutual  adion  between  light  and 
bodies ;  as  light  is  emitted  by  hot  bodies,  fo 
the  rays  of  light,  by  falling  on  bodies,  heat 
them,  and  are  themfelves  refraded  or  refleded 
by  the  bodies.  But  the  rays  of  light  muff  heat 
bodies  by  acting  on  this  fubftance,  upon  which 
their  heat  depends  *,  confequently  the  reflection 
and  refradion  of  light  are  caufed  by  the  fame 
fubftance  ;  for,  as  the  adion  between  light  and 
bodies  is  mutual,  without  doubt,  the  effeds  on 
both  are  caufed  by  a  common  agent  ading  be¬ 
tween  them.  Now,  feveral  appearances  in  the 
refledion  and  refradion  of  light  make  it  necef- 
fary,  that  fame  vibratory  motion  fhould  be  pro¬ 
pagated  by  the  light,  through  this  fubftance,  or 
medium  ;  becaufe  it  is  found,  that  the  light  is 
difpofed  to  be  differently  affeded  in  different 
places,  as  it  paffes  on,  the  fame  difpofition  re¬ 
turning  fucceffively  at  equal  intervals.  By  thefe 
alternate  difpofitions  of  the  light,  I  mean,  thofe 
fits  of  eafy  tranfmiflion  and  refledion,  into 
which,  fir  Ifaac  Newton  has  (hewn  that  light  is 
fucceffively  put,  in  its  paffage  through  tranfpa- 
rent  bodies. 

But  if  this  medium,  or  fubftance,  of  which 
we  have  been  fpeaking,  is  put  into  fuch  a  vibra¬ 
tory  motion  by  the  rays  of  light ;  and,  while  it 
is  thus  moved,  by  its  agitation  heats  the  bodies 
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on  which  the  light  falls  *,  it  is  manifeft,  what  kind 
of  motion  it  puts  the  parts  of  bodies  into,  when 
it  heats  them  5  viz.  the  like  vibratory  motion. 

In  the  lafl  place,  as  elaftic  fubftances  are  the 
only  ones  through  which  this  kind  of  vibratory 
motion  can  be  propagated,  we  mil  ft  conclude, 
that  this  medium,  by  which  bodies  are  put  into 
that  difpofition,  wherein  their  heat  confifts,  is 
elaftic  :  and  as  our  ear  is  fo  formed,  that  the 
vibratory  motion  of  the  air  fhall  agitate  the 
membrana  tympani  in  that  organ,  in  fuch  man¬ 
ner  as  to  excite  in  us  the  idea  of  found  ;  fo 
the  vibratory  motion  of  this  more  fubtile  me¬ 
dium  will  lb  agitate  our  organs  of  feeling,  as  to 
give  us  the  fenfation  of  heat. 

Sir  Ifaac  Newton,  in  fpeaking  of  this  me¬ 
dium,  has  thought  fit  to  diftinguifti  it  by  the 
name  of  aether,  or  the  aetherial  medium. 

Now,  as  the  rays  of  light  heat  bodies,  by  ex¬ 
citing  a  vibratory  motion  in  this  aether,  and 
thereby  communicating  a  vibratory  motion  to 
their  parts ;  fo  other  means  of  communicating 
fuch  a  motion  to  the  parts  of  bodies,  will  pro¬ 
duce  heat. 

A  ftrong  attrition,  or  collifion  of  many  bodies 
together,  will  caufe  a  great  heat.  All  metals, 
by  hammering  or  filing,  conceive  heat :  a  fmall 
bar  of  iron,  hammered  brifkly,  may  foon  be 
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brought  to  a  glowing  heat:  the  iron,  in  the  axle- 
tree  of  coach-wheels,  if  not  well  greafed,  where¬ 
by  the  brifk  attrition  is  prevented,  will  heat  fo 
much  as  to  fet  fire  to  the  wooden  axis  :  and,  by 
ftriking  fire  with  a  flint  and  Heel,  the  heat  is  fo 
great,  that  the  fparks  which  fall  are  no  lefs  than 
melted  globes  (truck  off  from  thofe  fubftances. 

Now,  it  is  evident,  that  fuch  collifion  muft 
put  the  parts  impreffed  upon,  of  thofe  bodies,  in¬ 
to  a  brifk  motion  :  but  fince  the  vibratory  mo¬ 
tion  of  the  aetherial  medium  will  communicate 
fuch  a  motion  to  the  parts  of  bodies,  and  action 
and  re-a£tion  is  every  where  equal,  a  quick  vi¬ 
bratory  motion  in  the  particles  of  bodies  muft 
be  capable  of  exciting  alfo  in  the  medium  a  vi¬ 
bratory  motion,  and  thereby  propagating  the 
fame  through  the  whole  body. 

Why  all  bodies  are  not  heated  by  motion  and 
attrition,  depends  upon  circumftances  in  their 
make,  which  are  to  be  inquired  into  hereafter : 
but  in  the  mean  time,  it  may  be  obferved,  that 
thofe  bodies  which  are  moft  heated  by  the  rays 
of  light,  are  alfo  heated  moft  eafily  by  thefe 
other  means. 

We  fhall  likewife  fee  hereafter,  that  there  are 
flill  other  means  in  nature  of  raifing  heat,  with¬ 
out  either  the  afliftance  of  the  rays  of  light,  or  a 
body  already  heated. 
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But  now,  upon  the  whole,  what  we  know 
concerning  heat  amounts  to  this.  The  parts  of 
folicl  bodies  are  not  fo  fixed,  and  do  not  fo  un- 
moveably  adhere  to  each  other,  as  might  at  firft 
be  thought  *,  but  even  the  rnofl  rigid  are  attend¬ 
ed  with  a  difpofition,  or  rather  power,  almoft 
continually  varying,  whereby  their  parts  are 
fometimes  removed  farther  from  each  other, 
and  fometimes  lefs  :  and  this  power  is  fo  ex¬ 
tended  round  the  body,  that  if  a  body  be 
brought  near  another,  lefs  under  the  influence 
of  this  power  it  fliall  increafe  this  power  in  that 
body,  and  farther  dilate  it;  but  if  the  other 
body  is  more  under  the  influence  of  this  power 
than  the  firfb,  the  approach  of  the  firfl  fliall  di- 
minifh  that  influence,  and  caufe  that  body  to 
contract.  When  any  body,  by  its  contact  or 
near  approach,  thus  affedts  the  fenfible  parts  in 
us,  if  it  caufes  them  to  dilate,  it  raifes  in  us  the 
fenfation  we  call  heat ;  if  it  caufes  the  parts  of 
our  bodies  to  contract,  we  feel  a  fenfation,  which 
we  call  cold  :  lefler  degrees  of  the  firfl  we  call 
warmth  ;  and  fmall  degrees  of  the  other,  cool- 
nefs.  Thefe  feveral  terms  relate  to  our  fenfation ; 
but  when  the  flate  of  bodies,  as  they  are  more  or 
lefs  adted  upon  by  this  dilating  and  contradting 
power,  is  confidered  abftradtedly  from  the  fenfa- 
tions  raifed  in  us,  one  term  is  lufficient  to  exprefs 
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it,  under  the  denomination  only  of  different  de¬ 
grees  of  heat.  When  this  heat  is  fufficiently 
great,  bodies  become  luminous.  Whence  this 
light  proceeds  has  been  a  queftion :  fome  have 
fuppofed  it  to  be  only  a  pulfe,  propagated  from 
the  Aiming  body  to  the  eye,  through  an  inter¬ 
vening  medium,  in  the  fame  manner  as  found  is 
propagated  through  the  air,  from  the  founding 
body  to  the  ear  :  but  the  circumftances  accom¬ 
panying  the  paffage  of  light  are  inconfiftent  with 
this  fuppofition.  When  the  dired  paffage  of 
found  to  the  ear  is  intercepted,  it  will  take  a 
compafs  round  •,  a  found  will  come  over  a  hill  % 
but  if  any  body  not  tranfparent  is  interpofed  be* 
tween  the  lucid  objed  and  the  eye,  the  fight  of 
it  is  entirely  loft.  This,  and  fome  other  proper¬ 
ties  attending  light,  leave  no  room  for  us  to 
form  any  other  idea  of  it,  than  as  certain  parti¬ 
cles  of  matter  propelled  from  the  luminous  body 
to  the  eye.  But  here  another  queftion  arifes, 
whether  this  light  is  emitted  out  of  the  body,  or 
is  a  fubftance  every  where  prefent,  and  is  only 
protruded  from  the  hot  body,  by  that  motion 
affeding  the  organ  of  fight.  What  has  given 
rife  to  this  latter  fuppofition  is  this  ;  that  the 
rays  of  light  are  found  to  raife  heat  in  all  bodies 
upon  which  they  fall :  it  has  therefore  been  ima* 
gined,  that  they  may  be  the  immediate  inftru- 
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ment  of  heat,  prefent  in  all  places,  operating  to 
that  end,  even  when  they  are  not  feen.  But,  as 
light  is  not  always  feen  to  iffue  from  bodies, 
though  confiderably  hot  •,  and  there  are  means 
of  exciting  heat,  without  any  vifible  aftiftance 
from  the  rays  of  light  ;  fo  no  known  properties 
of  light  qualify  it  to  be  the  immediate  inftru- 
ment  of  heat,  fince  it  has  been  fhewn,  that  the 
producing  caufe  of  heat  muft  enable  bodies  to 
diminifh,  as  well  as  increafe,  the  heat  of  others. 
Hence  it  appears,  that  this  fuppofed  general 
prefence  of  the  matter  of  light  in  all  parts  of 
fpace,  and  the  powers  afcribed  to  it,  are  a  mere 
hypothecs,  not  warranted  by  the  appearances 
in  nature. 

On  the  other  hand,  that  light  may  be  lodged 
in  bodies  is  evident,  When  the  rays  of  light 
fall  on  any  body,  though  a  refledtion  enfues,  by 
which  the  body  becomes  vifible,  yet  fcarce  any 
body  reftedts  back  all  the  light  incident  upon  it; 
mo  ft  bodies  retain  the  greater  part  which  they 
receive  within  themfeives.  Hence  all  bodies 
expofed  to  the  light  of  the  day  muft  have  within 
a  portion  of  the  material  of  light,  where,  proba¬ 
bly,  it  is  no  ufelefs  part  of  their  compofition, 
fince  it  has  been  found,  that  thofe  properties  in 
light,  whereby  it  is  ordinarily  reflected,  and  re- 
fradted,  or  renders  bodies  vifible,  are  not  the 
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only  qualities  it  is  poffeflfed  of.  And  if  light  be  a 
requifite  ingredient  in  the  compofition  of  bodies, 
no  wonder,  that  by  heat  it  is  emitted  from  fuch 
as  are  taken  from  the  deepeft  recedes  of  darknefs, 
as  well  as  from  thofe  which  conftantly  commu¬ 
nicate  with  the  day.  Even  the  fubtle  matter, 
whatever  it  be,  in  electrical  experiments,  con¬ 
tains  and  emits  light :  that  it  is  not  compofed 
limply  of  rays  of  light  is  certain;  for  they  wide¬ 
ly  differ  in  properties.  The  reflection  of  light 
in  thofe  experiments  is  accompanied  with  a 
found,  and  even  fmell :  this  matter  palfes  not 
through  all  tranfparent  fubftances  indifferently, 
like  the  rays  of  light ;  it  does  not  pafs  through 
water  as  it  does  through  glafs;  and  through 
glafs  it  paflfes  without  refraCtion.  By  this  it  ap¬ 
pears,  that  it  does  not  confift  of  mere  rays  of 
light  *,  but  that  light  is  an  ingredient  in  its  com¬ 
pofition,  and  occafionally  ftruck  out  of  it,  ac¬ 
companied  with  a  degree  of  heat,  productive, 
when  the  matter  is  copious,  of  very  fenfible 
effeCts. 

As  it  has  been  (hewn,  that  the  dilatation  of 
bodies  from  heat  is  effected  by  a  vibratory  agi¬ 
tation  of  their  parts  ;  from  this  it  is,  that  heat  is 
the  great  inftrument,  in  chemiftry,  for  refolving 
bodies  into  their  principles  ;  for,  when  this  agi¬ 
tation  is  increafed  beyond  a  certain  degree,  the 
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parts  of  mixed  bodies  feparate  from  each  other* 
and  the  fimilar  parts  affociating  together,  appear 
under  a  new  form,  from  what  they  did  in  the 
compound. 

But,  before  I  proceed  to  confider  more  par* 
ticularly  the  feveral  principles,  into  which  bo¬ 
dies  are  divided  by  the  fire,  it  will  be  conve¬ 
nient  to  fhew  the  various  ways,  in  which  heat  is 
applied  by  the  chemiit  to  the  bodies,  whereon  he 
operates  :  and  this  fhall  be  the  fubjecl  of  our 
next  meeting. 

*  To  find  the  proportion  between  the  quand* 
ties  of  light  we  receive  from  the  fun  and  from 
the  moon. 

PROPOSITION  I. 

If  two  bodies  are  equally  luminous,  the  quan¬ 
tity  of  light  we  receive  from  each  is  in  the  du* 
plicate  ratio  of  the  fines  of  half  their  apparent 
diameters. 

The  quantity  of  light  received  from  two  equal 
bodies  at  different  diftances,  is  in  the  reciprocal 
duplicate  proportion  of  the  diftance  '  and  the 
fines  of  half  the  apparent  diameters  of  the  bo« 

*  The  three  following  propositions  were  not,  I  prefume,, 
read  in  the  courfe  of  the  le&ures ;  but  as  I  find  them  in  the 
do&or’s  manufcript,  I  have  thought  fit  to  print  them. 
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dies  are  in  the  reciprocal  proportion  of  their  dif- 
ftances  ;  therefore,  the  light  received  from  two 
equal  bodies,  at  different  diftances,  is  diredtly 
in  the  duplicate  ratio  of  the  fines  of  half  the  ap¬ 
parent  diameters. 

Moreover  from  two  bodies  equally  luminous 
at  the  fame  diftance  the  light  received  is  as 
the  furfaces  from  which  the  light  is  emitted, 
that  is  in  the  duplicate  ratio  of  the  fines  of  half 
their  apparent  diameters.  Therefore  if  neither 
the  diftances  nor  the  bodies  are  equal,  yet  ftill  . 
the  light  received  from  each  will  be  in  the  do- 
plicate  ratio  of  the  fine  of  half  its  apparent  dia¬ 
meter. 

PROP  O  S  I  T  1  ON  II. 

'  \*  > 

The  denftty  of  the  fun’s  light  at  the  moon, 
is  to  its  denftty,  when  emitted  from  the  furface 
jq{  the  fun  in  the  duplicate  ratio  of  the  line  of 
half  the  angle,  under  which  the  fun  is  feen  from 
the  moon  to  the  radius. 

The  light  emitted  from  the  furface  of  the  fun 
at  the  moon  is  difperfed  over  the  furface  of  ’a 
fphere,  whofe  centre  is  in  the  fun,  and  its  ferni* 
diameter  the  diftance  between  the  fun  and  moon. 
The  denftty  therefore  of  the  fame  quantity  of 
light  being  reciprocally  proportional  to  the  fur- 
face  over  which  it  is  fpread  j  the  denftty  of  the 
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fun’s  light  at  the  moon  will  be  to  its  denfity  at 
its  exit  from  the  fun’s  furface,  as  the  furface  of 
of  the  fun  to  the  furface  of  the  forementioned 
fphere  ;  that  is  in  the  duplicate  ratio  of  the 
femi-diameter  of  the  fun  to  the  diftance  of  the 
moon  and  fun,  or  in  the  duplicate  ratio  of 
the  fine  of  half  the  angle,  under  which  the  fun 
appears  from  the  moon  to  the  radius. 

PROPOSITION  III. 

To  find  the  proportion  between  the  light 
we  receive  from  the  moon  at  the  full,  to  the 
light  we  receive  from  the  fun,  upon  fuppofi- 
tion  that  the  moon  reflects  all  the  light  incident 
upon  it. 

By  Prop.  I.  if  the  moon  and  fun  were  equally 
luminous  the  light  received  from  the  moon 
would  be  to  that  received  from  the  fun  in  the 
duplicate  ratio  of  the  fine  of  half  the  apparent 
diameter  of  the  moon  to  the  fine  of  half  the 
apparent  diameter  of  the  fun.  But  the  denfity 
of  the  fun’s  light  at  the  moon  is  to  the 
denfity  of  the  fun’s  light  at  the  fun’s  furface, 
in  the  duplicate  ratio  of  the  fine  of  half  the 
angle,  under  which  the  fun  appears  from 
the  moon  to  the  radius,  (by  Prop.  II.).  There¬ 
fore  if  the  moon  received  the  light  of  the 
fun  upon  all  parts  of  the  hemifphere  obverted 
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toward  the  fun  under  the  fame  degree  of  den- 
fity,  and  reflected  all  the  light  incident  upon 
it,  and  were  at  the  fame  diftance  as  the  earthy 
the  light  refle&ed  to  us  from  the  moon  would 
be  to  the  light  received  from  the  fun  in  the 
duplicate  ratio  of  the  fine  of  half  the  moon’s 
apparent  diameter  to  the  radius.  But  at  the 
full,  the  moon  being  fomewhat  further  diftant 
than  the  earth,  the  light  received  from  thence 
is  fomewhat  lefs. 

But  all  parts  of  the  moon’s  furfaee,  by  reafon 
of  its  fpherical  figure,  receive  not  the  fun’s  light 
incident  upon  it  under  the  fame  degree  of  den- 
fity.  The  moon  receives  on  its  whole  furfaee 
no  more  light  than  can  fall  on  fo  much  of  the 
furfaee  of  the  fphere,  wherein  the  moon  moves, 
as  is  included  within  the  moon  ;  that  is  about 
half  as  much,  as  if  the  fun’s  light  fell  on  all  parts 
of  the  moon  with  equal  denfity  ;  therefore,  the 
light  received  from  the  moon  will  be  but  half 
what  is  above  affigned,  though  the  moon  refkdt* 
ed  all  the  fun’s  light  incident  upon  it. 
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LECTURE  III. 


H  E  operations  of  chemiftry,  may,  in  ge~ 


JL  neral  be  divided  into  two  fpecies,  ana- 
lyfis  and  compofition  ;  by  the  firft  bodies  are 
refolved  into  their  conftituent  parts  or  princi¬ 
ples  ;  by  the  other  the  productions  of  this 
anaiyfis  are  recompounded  with  one  another,  or 
with  other  bodies :  indeed  all  mixture  of  bo¬ 
dies,  where  an  artificial  application  of  heat  is 
requifite  to  procure  or  affift  their  combination 
may  be  ranked  under  this  fynthetic  branch  of 
chemiftry. 

With  refpedt  to  the  analytical  part,  the  effeCl 
of  fire  in  general  upon  moft  compound  bo¬ 
dies  is  to  drive  a  part  off  from  the  reft  in  va¬ 
pour,  while  another  part  remains  behind,  and 
bears  the  force  of  the  fire  unmoved  :  fome 
bodies,  indeed,  are  wholly  raifed  in  vapour, 
and  others  remain  entirely  unmoved.  This  has 
occaftoned  a  general  divifion  of  fubftances  into 
Ext  and  volatile  ;  thofe  being  volatile,  which 
fly  away  in  vapour  •,  and  thofe  fixt,  which  re¬ 
main  behind.  Perhaps  there  are  no  fubftances 
to  be  found  here  on  the  earth,  which  will  endure 
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above  a  certain  degree  of  heat,  before  they  are 
diffipated  y  but  this  divifion  of  bodies  into  fixt 
and  volatile  fubftances  has  relation  to  the  force 
of  fire  ofually  applied  by  chemifts :  thefe  terms 
are  merely  relative ;  and  as  thofe  fubftances, 
which  become  volatile  with  one  degree  of  heat, 
may  remain  fixt  in  a  lefs,  fo  it  is  ufual  to 
compare  fubftances  together  both  in  degree  of 
volatility  and  of  fixity  ^  thofe  bodies  being  ac¬ 
counted  moft  volatile,  which  fly  off  with  the 
leaft  heat,  and  thofe  the  moft  fixt,  which  in- 
dure  the  ftrongeft  fire.  We  as  often  ipeak  of 
fubftances  as  more  or  lefs  fixt,  as  we  do  under 
the  notion  of  more  or  lefs  volatile.  Nor  is  it  to 
be  underftood,  that  there  is  one  eftablifhed  de¬ 
gree  of  heat,  which  difcriminates  the  fubftances, 
that  are  to  be  ranged  among  volatile  ones,  from 
thofe  which  are  to  be  ranged  among  the  fixt: 
the  fame  body  may  have  both  terms  applied  to 
it,  as  it  fhaii  be  compared  with  different  bo¬ 
dies*,  but  it  is  rnoft  ufual  to  compare  the  effeft 
of  final  1  degrees  of  fire  on  bodies  under  the 
notion  of  volatility,  and  to  ufe  the  other  term 
of  fixity,  when  the  effects  of  ftrong  fires  are  con- 
fidered. 

If  we  have  recourfe  to  what  was  faid  in  the 
preceding  ledure  concerning  the  operation  of 
heat  on  bodies,  we  may  form  fome  judgment 
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of  the  properties  required  in  bodies  to  render 
them  volatile. 

The  aftion  of  heat  is  to  communicate  a  vi¬ 
bratory  motion  to  the  particles  of  bodies,  be¬ 
fore  thofe  particles  can  become  volatile,  and  fly 
off  from  the  body,  to  which  they  are  joined, 
they  mud  fuffer  fuch  a  degree  of  agitation,  as 
will  feparate  them,  and  fet  them  free  from  the 
body  they  adhere  to.  Therefore  the  ftronger 
any  particles  adhere  to  the  red  of  the  mafs,  the 
lefs  volatile  will  they  be.  Thus  we  find,  in 
chemical  precedes  upon  heterogeneous  bodies, 
many  fubftances  to  be  exceeding  volatile,  whei* 
feparated  from  the  compound  *  which  yet  require 
a  great  force  of  fire  to  expel  them  thence. 

Another  condition  needfary  to  render  parti¬ 
cles  of  matter  volatile,  is  fuch  a  conftitution,  as 
difpofes  them  to  be  eafily  agitated  by  heat. 
One  condition,  that  may  be  conceived  to  render 
a  body  more  eafily  put  into  motion,  is  the  hav¬ 
ing  a  rare  ftru&ure,  or  but  a  fmall  quantity  of 
matter  in  proportion  to  its  magnitude.  It  is 
certainly  not  necefiary,  that  all  volatile  particles 
fhould  be  fmaller  in  bulk  than  others  •,  for  we 
ftiall  fee,  that  very  fixt  fubftances  will  unite 
themfelves  with  volatile  ones,  fo  that  the  com¬ 
pound  fhall  be  volatile  :  arid  in  this  cafe,  the 
volatile  particles  are  larger  than  the  fixt  were  1 
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for  the  fixt  are  become  volatile  by  the  accef- 
fion  of  new  matter.  But  here  the  great  rarity  of 
the  added  part  may  make  the  whole  to  be 
lighter,  in  proportion  to  its  bulk,  than  the  fixt 
particles  alone  were. 

However  the  particles,  whofe  fpecific  gravi¬ 
ty  is  leaft,  do  not  for  that  reafon  only  make 
the  mofl:  volatile  fubftances  ;  but  the  former 
eonfideration  mud:  be  joined  with  this,  when  we 
judge  of  the  volatility  of  a  body:  thus  oil,  by 
the  great  tenacity  and  adhefion  of  its  parts  toge¬ 
ther,  is  much  lefs  volatile  than  water,  though 
its  fpecific  gravity  be  lefs. 

What  the  abfolute  minntenefs  of  the  particles 
of  matter  may  contribute  toward  their  volatility, 
would  bed  be  determined,  if  it  could  be  known, 
whether  the  aethereal  medium,  which  we  pro- 
pofed  in  the  preceding  led u re  to  be  the  im¬ 
mediate  inftrument  of  heat,  ads  only  on  the 
furface  of  thefe  particles,  or  ads  alfo  on  their 
internal  parts.  If  it  ads  only  on  the  furface, 
the  minutenefs  alone  of  the  particle  may  contri¬ 
bute  towards  its  eafy  elevation,  becaufe  the 
ftnaller  a  particle  is,  the  more  furface  there  will 
be  to ,be  aded  upon  in  proportion  to  the  mag¬ 
nitude  of  the  particle.  A  globe,  whofe  diameter 
is  half  the  diameter  of  another  globe,  is  but  one 
eighth  part  of  the  bulk  of  this  other,  but  has 
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one  fourth  part  as  much  furface  ;  therefore, 
the  furface  of  the  lefier  globe  is  twice  as  great, 
in  proportion  to  its  bulk,  as  the  furface  of  the 
greater.  If  the  aetherial  medium,  as  it  pervades 
the  particles,  afts  alfo  with  equal  force  on  the 
internal  parts,  the  abfolute  magnitude  of  a  par¬ 
ticle  mult  contribute  little  toward  its  volatility. 

But  thus  much  is  here  obfervable,  that  this 
setherial  medium  is  fo  altered  at  the  furfaces  of 
bodies,  that  it  there  only  a6ts  on  light  in  re¬ 
fracting  and  reflecting  it  *,  why  may  it  not 
therefore  aft  more  forcibly  on  the  particles  of 
bodies  at  their  furface,  than  on  their  inward  parts  ? 

However,  we  fhall  hereafter  And  fome  farther 
circumflance  concurring  to  vary  the  volatility  of 
bodies,  viz.  their  abounding,  more  or  lefs 
with  an  aflive  principle  found  in  fome  degree 
in  ail  bodies,  which  the  chemifts  have  called 
fulphur.  Perhaps,  from  hence  rauft  be  de¬ 
duced  the  principal  caufe  of  the  diverfity  in  the 
volatility  of  different  fubftances. 

J 

But  to-proceed,  as  it  is  the  defign  of  chemif- 
try  to  bring  under  examination  all  the  parts, 
into  which  bodies  are  refolvable  by  the  fire,  the 
body  examined  is  to  be  lodged  in  fuch  a  veflel, 
as  may  afiift  in  collecting  the  afcending  vapour. 

There  are  two  kinds  of  vapour,  which  arife 
from  heated  bodies  *  one  fort  condenfes  into  a 
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liquor  ^  th-e  other  under  a  dry  form.  Separating 
the  liquid  vapour  is  properly  called  diftillation  j 
railing  the  dry  vapour  is  called  fublimation. 

The  mod  general  indrument  of  didillation  is 
the  retort,  where  the  afcending  vapour  paffes. 
through  the  neck,  and  is  received  into  another 
veffei  fitted  on  to  it,  and  called  from  this  of¬ 
fice  a  receiver.  Thefe  veffels  are  ufually  made 
of  glafs,that  being  a  material,  in  which  the  fub- 
Jeft  can  be  kept  perfcftly  clean,  and  free  from 
the  lead  taint.  In  cafes,  where  a  greater  heat  is 
neceffary,  than  glafs  can  fupport  without  melt¬ 
ing  *,  indead  of  the  retort  we  make  ufe  of  an 
earthen  veffei,  ufually  called  a  long-neck  ;  this 
is  formed  of  a  Qiape  fornething  different  from  the 
glafs  retort  •,  becaufe,  in  feme  of  the  fubdances, 
which  are  didilled  with  thefe  veffels,  the  vapour 
rifes  very  fluggifhly,  and  will  not  afeend  far  ; 
therefore  thefe  veffels  are  fo  fhaped,  as  to  give 
the  vapour  a"  more  horizontal  paffage.  Some¬ 
times  the  neck  of  thefe  veffels  is  made  crooked, 
and  then  the  veffei  is  called  a  crook-neck. 

In  cafes,  where  it  is  neceffary  to  put  to  diftilla¬ 
tion  a  great  quantity  of  materials,  and  where 
the  vapour  is  fo  copious,  as  would  require  a  re¬ 
ceiver  of  immenfe  bignefs  to  contain  it,  a  par¬ 
ticular  contrivance  is  made  ufe  of  to  condenfe 
the  vapour  in  its  paffage.  For  this  end  the 
.  »  va- 
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vapour  is  let  pafs  through  a  contorted  p>ipe, 
or  worm,  lodged  in  a  veffel  filled  with  cold  wa¬ 
ter,  by  the  coldnefs  of  which,  what  enters  the 
worm  in  vapour,  runs  out  condenfed  into  a 
flream  of  liquor.  The  veffel  here  ufed  to  hold 
the  matter  to  be  diflilled  is  too  large  to  be 
made  of  glafs  ;  it  is  ufually  made  of  copper, 
which  being  well  tinned  within  is  fufficiently 
fecured  from  giving  any  tinge  to  thofe  kind  of 
fub fiances  for  which  this  veffel  is  made  ufe  of. 
This  veffel  is  commonly  called  a  copper  kill, 
and  the  pipe,  through  which  the  vapour  paffes, 
is  fixed  to  a  head,  which  lifts  off  from  the  body 
of  the  flill,  for  the  convenience  of  putting  the 
materials  in  and  taking  them  out:  this  head  is 
properly  called  the  alembic.  Thefe  are  the 
veffels  ufed  by  the  dikillers  in  drawing  their 
fpirits.  In  fmall  kills  of  this  kind,  a  more  com¬ 
pendious  method  is  made  ufe  of  for  condenfing 
the  vapour,  which  is  by  including  the  head  itfelf 
in  a  veffel  of  water. 

There  is  alfo  another  method  of  performing 
the  operations,  for  which  thefe  inkruments  are 
commonly  ufed  which  is  by  what  is  called  the 
cold  flill,  becaufe  here  a  much  lefs  heat  is  ufed. 

The  material  to  be  diflilled  is  laid  on  a 

*  • 

copper  or  iron  plate,  firfl  covered  over  an  inch 
thick  with  fand  or  afhes,  or  put  into  a  leaden 

pot 
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pot  fct  upon  fuch  a  plate.  Over  this  is  placed  a 
conical  head  to  receive  the  afcending  vapour, 
which  by  a  nofe  fixed  in  this  head  defcends  into 
a  receiver.  The  fire  mud  be  kept  very  low, 
that  the  vapour  may  rife  fo  fiowly  and  fo  cool, 
as  not  much  to  heat  the  head,  which  receives  it, 
that  it  may  condenfe  without  any  help,  except, 
perhaps  in  fame  cafes  by  laying  a  wet  cloth 
upon  the  head  of  the  frill. 

There  are  alfo  ftnaller  vefiels,  of  a  like  ftruc- 
ture  with  the  copper  body  and  alembic  now 
deferibed,  made  of  glafs,  which  are  but  little 
ufed  by  the  practical  chemids,  However  they 
are  fometimes  convenient,  when  we  defire  tofe- 
parate  very  volatile  fubdances  from  each  other  ; 
for  then  a  tall  glafs  of  this  form  is  bed  fitted  to 
give  room  for  the  mod  volatile  fubdance  to  fe- 
parate  from  what  is  lefs  volatile,  by  rifing 
higher :  with  a  low  glafs  it  is  not  foeafy  to  pre¬ 
vent  their  afcending  together. 

Thefe  glades  are  alfo  ufeful  in  collecting  dry 
vapours,  or  in  fublimation,  the  head  or  alem¬ 
bic  being  made  without  a  beak,  which  is  ufu- 
ally  called  a  blind  head.  Flow  the  practical 
chemids  fupply  the  ufe  of  this  veffel,  fhall  be 
ihewn,  when  we  come  to  operate  on  the  parti¬ 
cular  fubdances,  upon  which  they  ufually  per¬ 
form  thefe  fublimations. 

\  but 
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But  thefe  fubliming  vefiels  are  only  to  beufed, 
when  the  vapours  eafily  afcend.  When  they  re* 
quire  a  ftrong  fire,  and  are  forced  up  with  diffi¬ 
culty,  it  is  ufuai  to  put  the  matter  into  a  globu¬ 
lar  vefifel  with  a  long  item,  called  a  matrafs,  or 
bolt-head  :  here  the  vapour  aicending,  fixes  on 
the  upper  part  of  the  globe. 

WThen  a  large  quantity  of  materials  is  to  be 
fublimed,  an  earthen  jar  covered  at  top  with 
a  moveable  iron  plate  is  ibmedmes  made  ufc 
of. 

When  what  rifes  from  a  body,  while  heated, 
is  to  be  neglected,  and  the  operator’s  intention 
is  only  to  regard  the  change  wrought  by  the 
fire,  on  what  remains  fixt  in  it,  fuch  fubjeds 
are  fometimes  put  into  iron  vefiels,  as  pots,  la¬ 
dles  or  the  like,  often  into  earthen  ones.  Of 
this  kind  are  crucibles  made  of  an  earth,  that  will 
well  endure  the  fire.  For  fome  particular  pur- 
pofes  vefiels  are  made  of  the  allies  of  burnt 
bones,  or  of  horns  of  animals  burnt,  which 
latter  are  preferred.  Thefe  are  particularly  ne- 
celfary  for  the  refining  of  filver,  as  we  fhall  fee 
hereafter.  They  are  called  cupels,  or  tefts.  The 
method  of  making  them  is  to  moiften  the  allies, 
till  they  will  juft  ftick  together,  when  prefied 
in  the  fingers ;  and  then  to  ftamp  them  hard  in 
a  brafs  mould.  Sometimes  thefe  allies  are  ftamp- 
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ed  into  an  iron  ring,  and  put  along  with  the  ring 
in  the  fire. 

The  operations,  which  materials  undergo  in 
all  thefe  vefifels,  may  be  reduced  under  the  two 
general  names  of  melting  and  calcining. 

Thefe  are  the  vefiels  of  mod  general  ufe  in 
the  analytical  part  of  chemidry.  In  the  other 
part,  which  concerns  the  mixing  bodies,  for 
fuch  an  artificial  application  of  heat  as  may  be 
required  to  effedt  their  combination  and  union, 
but  few  infcruments  are  in  general  requifite  :  ex¬ 
cept  the  common  indruments  of  pots  and  ket¬ 
tles,  or  the  like,  the  glafs-body  and  bolt-head 
above  defcribed  are  for  the  mod  part  fufficient. 

When  the  deni  of  a  bolt* head  is  clofed,  by 
inverting  a  lefs  glafs  of  the  fame  kind  into  it  •, 
if  the  heat  applied  raife  any  vapour  from  the  in¬ 
cluded  materials,  at  the  height  of  the  upper 
bolt-head,  it  will  cool  and  fall  down  again  ;  by 
this  means,  if  the  glades,  before  they  are  join¬ 
ed,  be  made  warm,  any  liquor  may  be  boiled 
without  wading  in  vapour. 

Two  bolt-heads  thus  joined  compofe,  what 
the  chemids  call  circulating  vefiels.  We  find 
in  books  other  vefiels  alfo  of  a  more  com¬ 
plex  form  defcribed  under  this  name ;  but 
they  have  no  advantage  over  thefe  here  men¬ 
tioned. 
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If  the  Hem  of  the  bolt-head  be  continued  alfo 
downward  into  the  body  of  the  glafs,  and  left 
open  by  a  very  fmall  orifice  only,  the  bolt-head 
is  then  called  an  infernal  glafs  :  but  this  is  a 
contrivance  ufeful  only  for  fome  particular  pur- 
pofes,  to  be  explained  hereafter. 

The  next  thing  now  required  is  to  explain 
the  method,  by  which  the  junctures  of  veffels  are 
to  be  clofed  ;  for  when  a  vapour  is  palling,  from 
a  retort  for  inftance,  into  the  receiver,  unlefs 
thejun&ure  be  clofed,  where  they  are  fitted  to¬ 
gether,  apart  of  the  vapour  will  efcape.  This 
■doling  up  the  junctures  of  veffels  is  called  luting, 
and  the  materials,  by  which  it  is  performed, lutes. 

Lutes  are  of  various  forts.  For  inftance 
wheat-flour  and  water  fpread  upon  a  fillet  of 
linen  or  paper  makes  a  good  lute  to  hold  in  wa- 
try  vapours  raifed  with  a  fmall  heat. 

Horfe-dung,  mixt  with  twice  its  quantity 
of  fine  clay  or  loam  makes  a  good  luting  for 
mo  ft  purpofes.  This  is  the  luting  chiefly  ufed 
by  the  practical  chemifts. 

Windfor  loam,  wherewith  the  bricks  are  beft 
laid  in  furnaces,  that  are  defigned  to  endure  a 
ftrong  heat,  makes  alone  a  very  good  luting, 
and  is  therefore  moft  convenient,  for  thofe  who 
exercife  chemiftry  for  entertainment  or  {pecu¬ 
lation  j 
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lation ;  but  thofe,  who  follow  it  as  a  trade*  prefer 
that  which  is  lead;  expenfive. 

Whiting,  flour,  and  houfe-fand  in  equal 
proportion  made  into  a  pafte  with  ftrong  brine 
is  alfo  a  commodious  luting. 

In  authors  we  meet  with  the  defcription 
of  feveral  other  lutes,  but  thefe  are  fufficient. 

Sometimes  glafles  are  fliut  up  by  heating 
their  ftem  red-hot,  and  the  opening  either  melt¬ 
ed  up,  or  pinched  clofe  :  this  is  called  fealing 
hermetically. 

In  chemical  operations  the  luting  moil  gene¬ 
rally  ufed  is  loam,  as  before  mentioned.  If  this 
be  applied  to  the  jundbure  of  the  glafles  fo  clofe- 
ly,  and  fo  long  before  the  operation  is  entered 
upon,  that  it  fhall  become  perfedlly  dry,  and 
would  clofe  the  juncture  fo  abfolutely,  as  to 
hinder  any  manner  of  air  or  vapour  from  finding 
its  way  out  j  when  the  glafles  grow  in  any  great 
degree  hot,  they  mud  neceflarily  be  broke  by  the 
expanfion  of  the  air  alone  imprifoned  within 
them.  If  the  luting  be  applied  immediately  be¬ 
fore  the  operation,  the  afcending  vapour  will 
keep  it  continually  moift,  and  thereby  will 
efcape  too  freely  through  it.  It  is  befi:  to  lute 
the  veflels  one  day,  and  make  the  fire  the  next  : 
by  this  means,  the  luting  will  not  be  fo  very 

clofe, 
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clofe,  but  that  it  v/ill  give  a  little  paffage  to  the 
included  air  upon  its  firft  expanfion,  and  will 
dry,  as  the  glaffes  grow  hot,  timely  enough  to 
hold  in  as  much  of  the  vapour,  as  is  confiftent 
with  the  fafety  of  the  veffels.  The  luting  above 
defcribed,  with  whiting  and  flour,  hardens  more 
eafily,  and  therefore  need  not  be  applied  any 
length  of  time  before  the  operation  is  begun. 

Many  of  the  chemical  glaffes  come  from  the 
glafs-houfe  with  long,  and  fometimes  irregular 
necks,  that  it  is  often  necelfary  for  the  chemical 
operator  to  cut  a  part  off,  before  he  lutes  them 
together.  This  is  ufually  performed,  by  heat¬ 
ing  them,  where  they  are  to  be  cut,  and  touch¬ 
ing  them  with  a  little  moifture,  which  caufes 
them  to  crack,  and  the  fuperfluous  part  to  fall 
off.  The  glaffes  may  be  heated  either  by  a 
hot  iron  ring  of  the  fize  of  the  glafs  to  be  cut  5 
or  by  binding  round  them  a  thread  dipped  in 
oil  of  turpentine,  brimflone  or  the  like  com- 
buflible  fubftance,  and  fetting  the  thread  on 
fire.  With  the  iron  ring  the  glafs  moil  com¬ 
monly  breaks  off  without  wetting.  Small  pipes 
of  glafs  are  belt  broke  by  notching  them  with 
a  hie,  and  then  breaking  them  off  with  the 
fingers. 

The  next  thing  to  be  confidered  is  the  me¬ 
thod  of  applying  the  fire  in  chemical  opera- 
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tions.  In  thefe  operations  it  is  a  neceflary  cir- 
cumftance,  that  the  fire  be  carried  on  regularly* 
cither  the  fame  degree  of  heat  continued,  or 
equally  raifed  without  wavering.  For  this  end, 
when  the  fire  is  not  to  be  of  the  mo  ft  violent 
kind,  the  veflel,  containing  the  fubftance  to  be 
operated  upon,  is  not  ufually  expofed  to  the 
naked  fire,  but  is  rather  heated  by  the  interme* 
diation  of  fome  body  between.  Water  is  a 
commodious  medium,  when  no  greater  heat  is 
required  than  what  water,  when  boiling,  con* 
ceives,  beeaufe  the  heat  of  boiling  water  is  never 
to  be  augmented.  The  different  force  of  the 
fire  under  it  may  caufe  it  to  boil  away  fafter  of 
flower ;  but  when  it  once  boils  out  freely,  its 
heat  will  never  after  increafe. 

Water  thus  applied  chemifts  call  balnseum 
Maris.  Sometimes  they  diredl  the  diftilling 
veflel  to  be  placed  in  the  vapour  only  of  the 
water.  This  is  called  diftilling  in  a  vapourous 
bath,  and  is  a  lefs  heat  than  the  other. 

Horfe-dung  alfo  affords  a  very  fteady  heat, 
and  is  of  long  duration.  This  is  a  very  commo¬ 
dious  heat  to  promote  putrefa&ion.  With  this 
heat  alfo  the  vapour  of  vinegar  is  raifed,  for 
corroding  of  lead,  to  make  ceruffe  or  white 
lead,  as  will  be  particularly  explained  here¬ 
after. 


When 
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When  thefe  heats  are  not  fufficient,  fand  is 
made  ufe  of.  The  practical  chemifts  generally 
make  ufe  of  fand  for  every  heat,  from  the  leaft 
to  the  greateft,  fand  is  capable  of.  For  this 
end  a  pot  of  call  iron  is  fet  in  a  furnace  of 
brick,  fo  built  that  the  fire  may  play  well 
round  the  pot,  and  heat  it  as  equally  as  may  be* 
It  is  ufual  to  carry  the  flame  and  fmoke  from 
this  fire  under  an  iron  plate  covered  with  fand, 
before  it  pafies  up  the  chimney ;  by  which 
means  they  have  a  fmaller  heat  of  fand  to  be 
ufed  at  the  fame  time  with  the  pot,  without  an 
additional  expence  of  fuel. 

Filings  of  iron  would  give  yet  a  greater  heat 
than  fand. 

The  advantage  of  interpofing  all  thefe  kinds 
of  fubftances  is,  that  their  heat  is  not  fo  fluctu¬ 
ating,  as  that  of  an  open  fire ;  for  when  the  fire 
is  quite  put  out,  their  heat  will  continue  a  con- 
fiderable  time  5  and  when  the  fire  rifes,  their 
heat  does  not  increafe  at  the  fame  inftant  with  it, 
but  follows  it  gradually. 

However,  when  a  greater  degree  of  heat  is 
neceflary,  than  what  fuch  fubftances  will  give, 
an  immediate  fire  muft  be  made  ufe  of.  This 
is  of  two  forts.  The  mildeft  of  thefe  is  an 
open  fire,  fuch  as  may  play  on  the  bottom, 
and  about  the  Tides  of  the  veflel  in  the  man- 
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ner,  as  the  iron  pot  before  mentioned  is 
heated. 

When  glafs  veffels  are  to  be  expofed  to  this 
fire,  it  is  neceffary  to  cover  them  over  with  an 
earthy  coat.  This  may  be  made  of  potter’s 
clay,  mixed  with  fand  till  it  lofes  its  undluouf- 
nefs,  and  will  no  longer  flick  to  the  fingers ;  or 
fand  may  be  rnixt  with  the  forementioned  lut¬ 
ing  of  clay  and  horfe  dung.  Windfor  loam 
and  Stourbridge  clay,  with  which  the  pots  of 
the  glafs-houfe  furnaces  are  made,  are  itill  bet¬ 
ter  forts  of  coating,  ufed  alone  without  any 
mixture. 

The  reverberatory  fire,  where  the  fire  being 
made  under  the  veffel,  the  paffage  for  the  flame 
and  fmoke  is  diredlly  over  it,  gives  ftili  a  great¬ 
er  heat  than  the  open  fire  now  mentioned  5  for 
here  the  flame  encompaffes  the  whole  veffel, 
beating  on  the  very  top,  as  well  as  on  the  bot¬ 
tom  and  fides.  In  this  fire,  earthen  veffels  are 
only  to  be  ufed. 

There  is  alfo  another  kind  of  reverberatory 
heat,  when  the  fire  is  made  on  one  fide  of  the 
veffel  containing  the  matter  to  be  wrought  on, 
and  the  flame  draws  over  the  veffel  to  its  exit 
through  the  chimney.  In  this,  the  greatefl 
heat  is  applied  to  the  upper  furface  of  the 
fubjedl. 

•  There 
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There  is  alfo  another  method  of  accommodate 
ing  the  greateft  heat  to  the  top  of  the  fubjecl, 
which  is  by  placing  the  fubjedt  under  an  earth¬ 
en  cover,  and  heaping  the  fuel  over  it.  This 
cover  is  ufually  called  a  muffle  ;  and  the  furnace 
wherein  it  is  ufed,  mull  have  an  opening  to  cor- 
refpond  with  the  mouth  of  the  muffle,  by  which 
the  fubjedl  to  be  wrought  on  may  be  taken  in 
and  out.  In  a  furnace  of  this  kind,  called 
from  its  ufe  an  eflay-furnace,  are  made  the 
eflays  of  wrought  plate  at  Goldfmiths-hall. 

When  the  fire  is  required  to  be  the  ftrongeft 
of  all,  a  wind-furnace  is  made  ufe  of;  which  is 
a  furnace  fo  built,  that  there  may  be  a  very 
firong  draught  of  air  to  blow  the  fire,  and  give  it 
the  greateft  ftrength  poffible.  A  blaft  alfo,  with 
large  bellows  will  procure  a  very  ftrong  heat ; 
but  thefe  bellows  muft  be  double,  after  the 
manner  of  thofe  ufed  by  the  fmiths,  that  the 
blaft  may  be  continual ;  though  no  heat  can  be 
railed  by  this  means,  to  exceed  what  may  be 
obtained  in  a  good  wind-furnace.  The  princi¬ 
pal  ufe  of  bellows  is,  when  a  great  heat  is  re¬ 
quired  to  be  excited  very  quick. 

The  flame  of  a  lamp  blown  to  a  point  by  a 
fmall  pipe  gives  a  very  ftrong  heat,  and  is  often 
applied  to  melt  fmall  pieces  of  metal  or  the 

E  3  like. 


S4  A  COURSE  Part  I. 

like.  Workmen  often  ufe  it  in  foldering  fmall 
work. 

In  relation  to  the  kinds  of  fuel,  it  is  to  be  ob- 
ferved  in  general,  that  charcoal  gives  the  ftrong- 
eft  heat,  this  fuel  having  no  humidity  like 
wood  or  coals.  Coals  give  the  moft  intenfe  heat, 
after  their  humidity  is  evaporated,  and  they 
eeafe  to  flame. 

Oil  alfo  and  fpirits  are  made  ufe  of  burning 
in  a  lamp,  when  a  fmall  quantity  of  materials  is 
to  be  wrought  on,  and  the  degrees  of  heat 
thefe  lamps  will  afford,  are  fufficient.  This  is, 
in  particular,  a  commodious  method  of  conti¬ 
nuing  a  conftant  heat  for  a  great  length  of  time  ; 
for  it  is  eafy  to  have  a  lamp,  that  will  keep  burn¬ 
ing  twelve  hours  or  more. 

There  is  alfo  another  method  of  continuing 
a  heat  in  one  conftant  degree  without  much  at¬ 
tendance,  by  the  furnace  ufually  called  an  atha- 
nor,  or  tower-furnace.  This  furnace  is  a  tall 
cavity  raifed  on  a  grate,  which  has  an  afh-hole 
underneath :  this  cavity  is  called  the  tower  of 
the  furnace.  In  the  fide  of  this  tower  at  a 
proper  height  above  the  grate  is  a  paffage  for 
the  heat  to  pafs  out  of  the  tower  under  an  iron 
plate  covered  with  fand.  There  is  fometimes  a 
Aide  over  this  paffage,  whereby  it  may  be  wi¬ 
dened 
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dened  or  ftraitened,  and  the  degree  of  heat  va¬ 
ried  by  that  means.  Now  when  the  tower  is 
filled  up  with  coals,  if  it  be  well  clofed  at  top, 
no  more  of  the  coals  will  burn,  than  what  lye  be¬ 
tween  the  grate  and  the  paftage  before  mention¬ 
ed  for  the  heat  *,  becaufe  here,  and  no  higher, 
will  be  a  current  of  air  to  blow  the  fire  :  all  the 
reft  of  the  fuel  above  is  only  a  fupply  to  what 
fhall  be  burnt  to  afhes,  and  fall  away  through 
the  grate ;  fo  that  the  height  of  the  tower  adds 
nothing  to  the  ftrength  of  the  heat,  but  the 
higher  it  is,  the  lefs  frequently  will  the  fuel  re¬ 
quire  to  be  fupplied. 4  In  this  furnace  therefore 
a  conftant  heat  both  night  and  day  may  be 
continued  for  any  length  of  time  with  very 
little  attendance. 

The  fuel  in  this  furnace  muft  be  charcoal  or 
fome  other  fuchdike  fuel,  that  will  burn  away 
to  pure  afhes.  Sea-coal,  by  caking  into  cin¬ 
ders,  will  foon  flop  up  the  grate  and  put  the 
fire  out. 

The  method  invented  by  Vigani  of  eredting 
furnaces,  is  very  convenient  for  thofe,  who  have 
not  a  fixt  laboratory.  His  furnaces  are  com- 
pofed  of  bricks  ground  to  a  pretty  true  fquare, 
and  made  all  of  the  fame  breadth,  and  of  the 
fame  thicknefs.  The  bricks  being  ground, 
they  will  lie  clofe  enough  to  confine  the  heat 
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without  being  fattened  together  by  any  ce« 
ment. 

Three  or  four  rows  of  bricks  are  firft  to  be 
fet  edgewife,  for  a  grate,  or  to  make  a  greater 
heat  a  fecond  order  placed  in  like  manner 
acrofs  thefe,  and  where  the  greateft  heat  is  re¬ 
quired,  a  third  or  a  fourth.  Over  thefe,  the 
furnace  is  to  be  formed  differently  according 
to  the  purpofe,  for  which  it  is  defigned.  Ry  this 
method  a  furnace  may  be  fitted  for  any  chemi¬ 
cal  operation  whatever,  even  to  the  melting 
metallic  ores,  which  are  operations,  that  re¬ 
quire  the  greateft  heats  of  any. 

The  beft  fuel  for  thefe  furnaces  is  char¬ 
coal  :  Scotch  coal  alfo  burns  in  them  very 
well. 

In  furnaces,  where  ftrong  fires  are  ufed,  it  is 
of  great  confequence  to  choofe  a  proper  earth 
for  the  bricks,  wherewith  the  furnaces  are  built. 
There  are  two  qualities  in  earths*  that  difpofe 
them  to  bear  the  fire,  to  be  confidered  diftindb* 
ly  :  one  is,  not  eafily  to  be  melted,  the  other 
not  to  be  difpofed  to  crack  in  heating  or  cool¬ 
ing.  Earths  more  eafily  melt  by  being  charged 
with  metallic  particles :  the  earths  that  burn 
red  abound  in  irony  particles,  and  are  therefore 
more  apt  to  melt  than  thofe  earths,  that  burn 
white®  The  earths,  that  burn  into  a  hard  brick9 
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are  mo  ft  apt  to  crack  by  the  fire,  which  is  an 
efied  common  to  all  brittle  fubftances  :  glafs  is 
the  moft  fubjed  to  it  of  any  thing.  The  caufe 
of  this  effed  is  the  dilatation,  which  I  obferved, 
in  the  laft  ledure  to  be  the  effed  of  heat  upon 
all  bodies  *,  for  in  thefe  hard  and  brittle  bodies, 
if  they  heat  in  different  parts  unequally,  or  if 
in  cooling,  a  blaft  of  cold  air,  or  any  other  ac¬ 
cident,  too  haftiiy  cools  one  part  •,  the  body 
not  being  of  a  yielding  fubftance,  the  contrad- 
ed  part  feparates  from  the  dilated,  and  the  body 
breaks. 

In  the  glafs-houfes  they  are  principally  foli- 
citous  to  find  an  earth,  that  will  not  melt  with 
the  violence  and  long  continuance  of  thofe  fires. 
A  clay  dug  up  near  Stourbridge,  in  Worcefter- 
ftiire,  thence  ufually  called  Stourbridge  clay,  is 
found  the  fitteft  for  this  purpofe,  with  it  the 
pots  are  made,  in  which  the  giafs  is  melted, 
and  the  infide  of  the  furnaces  themfelves  ufed 
to  be  built :  but  lately  a  ftone  has  been  found 
near  Newcaftle,  which  at  lefs  expence  an- 
fwers  the  fame  purpofe.  Their  fires  being  kept 
on  continually  for  a  great  length  of  time  they 
are  lefsfubjed  to  be  incommoded  by  the  break¬ 
ing  of  the  earth ;  though,  in  their  pots,  they 
often  fuffer  by  that  accident. 
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In  other  furnaces,  where  the  fire  is  often  va¬ 
ried  and  extinguifhed,  a  loofe  fandy  kind  of 
brick  is  moft  commodious ;  for  the  parts  of 
this  brick  hanging  loofely  together  eafily 
yield  to  that  alteration,  which  the  change  of 
heat  makes  in  them.  Thofe  called  Windfor 
bricks  are  the  beft  of  any  in  this  country  ; 
and  ftiould  be  laid  in  Windfor  loam,  not  in 
mortar. 

When  it  is  neceffary  to  make  any  veffel  of  the 
harder  clay,  that  muft  undergo  frequent  changes 
of  heating  and  cooling;  to  fecure  this  earth  the 
better  from  breaking,  with  the  frefh  clay  is 
ibmetimes  mixt  a  good  portion  of  what  has  al¬ 
ready  been  burnt,  broken  into  pretty  grofs 
pieces.  By  this  inequality  in  the  texture  the 
compound  becomes  fomething  more  durable. 
In  this  manner  the  Heffian  crucibles  are  made; 
and  alfo  the  pots  in  which  they  make  brafs  in 
England. 

In  great  part  of  chemical  operations  divers 
materials  are  mixt  together,  and  as  they  are 
ufually  proportioned  by  weight,  I  fhall  conclude 
this  ledhire  with  a  brief  explanation  of  the  feve- 
ral  weights  in  ufe. 

In  England,  we  make  ufe  of  two  different 
pounds :  the  one  is  called  the  pound  avoirdu- 
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poife,  and  the  other  the  pound  troy.  The 
pound  avoirdupoife  is  fomething  larger  than 
the  other.  It  is  that,  by  which  large  quan¬ 
tities  of  moft  goods  are  bought  and  fold. 
In  this  weight,  what  is  called  the  hundred 
weight  is  not  a  juft  hundred  pounds,  but  con¬ 
tains  a  hundred  and  twelve  of  thefe  pounds : 
and  twenty  fuch  hundred  weights  are  called 
a  ton.  This  pound  is  divided  into  fixteen 
ounces,  and  the  ounce  into  fixteen  drams. 
In  this  weight  more  minute  divifions  are  not 
in  ufe. 

The  pound  troy  is  divided,  by  the  filver* 
fmiths,  for  weighing  of  filver,  into  twelve 
ounces,  each  ounce  into  twenty  pennyweights, 
and  the  pennyweight  into  twenty-four  grains. 
At  the  mint  they  fubdivide  the  grain  into 
twenty  parts  called  mites.  Gold  is  alfo 
weighed  at  the  mint  by  this  pound,  but  other- 
wife  divided ;  the  pound  being  here  divided 
into  twentyTour  parts  called  carats,  and  each 
carat  into  four  parts  called  grains :  fo  that 
a  grain  of  gold  is  equal  to  fixty  grains  of 
filver. 

The  carat  by  which  jewels  are  weighed,  con¬ 
tains  only  four  filver  grains. 

The  phyficians  alfo  prefcribe  by  the  pound 
troy,  but  divide  it  ftill  otherwife.  They  have 
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twelve  ounces  in  the  pound,  but  divide  the 
ounce  into  eight  drams,  the  dram  into  three 
fcruples,  and  the  fcruple  into  twenty  grains, 
whereby  the  grain  becomes  the  fame  as  in  the 
divifion  of  the  filver  weights. 

Though  the  extempore  preferiptions  of 
phyficians  are  always  adapted  to  the  troy 
weight,  and  the  officinal  compofitions  are  de- 
feribed  in  the  generality  of  pharmacopoeias 
by  the  fame  divilions  of  the  pound  ;  yet  it 
has  been  a  cuftom  pretty  general  among  our 
apothecaries  to  mix  the  ingredients  of  thofe 
compofitions  by  the  avoirdupoife  weight 
though  the  ounce  in  this  weight  bears  a  dif¬ 
ferent  proportion  to  the  pound,  than  in  the 
troy  weight.  But,  in  the  prefent  Pharma¬ 
copoeia,  this  error  is  particularly  guarded 
againft. 

Though  the  pound  in  the  avoirdupoife  weight 
is  heavier  than  in  troy  weight,  the  ounce 
in  the  former  weight  is  lefs  than  in  the  lat¬ 
ter ;  fo  that  ten  troy  ounces  nearly  equal  ele¬ 
ven  avoirdupoife ;  and  feventeen  pounds  troy 
is  very  little  fhort  of  fourteen  pounds  avoir¬ 
dupoife. 

The  effayers,  who  examine  very  fmall  quan¬ 
tities  of  metals,  ufe  ftill  other  weights.  They 
take  s  fmall  weight,  which  they  call  their 
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pound,  and  divide  this  pound,  as'  the  troy 
pound  is  'ufually  divided.  Their  pound  for 
filver  effays  is  about  eighteen  grains,  and  for 
gold  effays  fix  grains.  The  reafon,  that  the 
filver  pound  is  treble  of  the  gold  pound,  is  be- 
caufe  in  effaying  of  gold  they  mix  filver  with  it 
in  that  proportion.  The  only  convenience  of 
this  is  to  find  names  for  the  very  minute 
weights,  they  muff  make  ufe  of,  and  to  fave 
the  trouble  of  computation  in  their  effays. 

They  have  another  artifice  of  more  confe- 
quence  in  order  to  their  weighing  with  exact- 
nefs,  which  is  to  fet  their  fcales  under  a  glafs, 
which  they  call  a  lantern,  whereby  they  keep 
them  from  being  toffed  about  by  the  air. 

Their  fcales  are  in  general  made  fo  tender 
as  to  turn,  with  the  hundredth,  or  even  with 
the  two  hundredth  part  of  a  grain,  fometimes 
with  lefs.  If  they  turn  with  the  three-hun¬ 
dredth  part  of  a  grain,  they  will  diftinguifh 
in  a  filver  effay  to  a  Angle  grain.  Though 
the  effayers  are  not  accuftomed  to  report  their 
effays  of  filver  nearer  than  to  a  half-penny¬ 
weight,  nor  the  effays  of  gold  nearer  than  to 
one  quarter  of  a  gold  grain. 

It  is  alfo  convenient  in  effaying  metallic 
ores  to  be  provided  with  a  fmall  weight  to  be 
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called  a  ton,  and  divided  in  the  fame  man¬ 
ner  as  the  common  ton.  Though  for  this 
purpofe  the  common  troy  weights  are  of  them- 
lelves  not  inconvenient ;  for  if  the  ounce  be 
confidered  as  a  ton,  the  pennyweights  will 
reprefent  hundreds  :  but  for  the  divifions  of 
the  hundred,  either  computation,  or  an  ex- 
prefs  fet  of  fmall  weights  mull  be  ufed. 
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LECTURE  IV. 

THE  feveral  fubftances,  irlto  which  bodies 
are  divifible  by  the  fire,  differ  great- 
]v  from  one  another.  However  there  are  fomc 
general  characters,  by  which  they  may  be  redu¬ 
ced  under  a  few  heads.  Chemifts  have  reduced 
them  to  five,  three  volatile,  water,  or  phlegm, 
fpirits  and  oils,  and  two  fixt,  falts  and  earths. 
Thefe  are  commonly  Called  the  chemical  prin- 
ciples.  By  water  is  meant  a  fluid  without  tafle, 
fmell,  or  any  other  fenfible  quality  to  diftin- 
guifh  it  from  common  water.  By  fpirits  are 
underftood  all  fluids,  which  mix  with  water, 
and  are  endued  with  other  properties  than  wa¬ 
ter  itfelf.  Oils  are  fluids,  which  will  not  mix 
with  water  ;  and  thefe  are  alfo  inflammable, 
contrary  to  the  nature  of  water,  which  extin- 
guifhes  fire.  Thefe  are  the  three  divifions,  un¬ 
der  w'hich  chemifts  range  the  fluids,  that  are 
feparable  from  mixt  bodies.  The  other  two 
heads  of  falts  and  earths  comprehend  the  folid 
parts  yielded  by  the  mixt.  A  fait  is  whatever 
diflblves  in  water,  and  unites  itfelf  fo  with  it,  as 
to  make  with  the  water  one  body,  and  to  pafs 
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through  the  clofeft  ftrainer  without  being  fevered 
from  that  water. 

The  method  of  {training  ufed  by  the  chemifts 
is  molt  commonly  with  paper  after  this  manner. 
They  fold  the  paper  fo,  that  it  may  fit  the  cavity 
of  a  funnel,  and  pour  the  liquor  into  it  ;  and 
the  liquor,  as  it  ouzes  through  the  paper,  runs 
down  the  neck  of  the  funnel.  Straining  in  the 
language  of  the  chemifts  is  moft  ufually  called 
filtring,  and  the  ftrainer  a  filtre.  Moft  of  thefe 
fubftances  called  falts,  fince  they  are  not  vola¬ 
tile,  and  fly  away  as  foon  as  heated,  melt  and 
flow  in  the  fire  like  metals.  The  other  folid 
fubftance  feparated  from  mixt  bodies,  is  that, 
which  remains,  after  all  the  foregoing  are  fepa¬ 
rated,  and  is  a  dead  earth  without  any  fenfible 
properties,  but  thofe  which  are  neceflary  to  the 
conftitution  of  mere  matter.  It  will  not  diffolve 
in  water  as  falts  do,  nor  will  it  melt  in  the  fire. 
If  it  be  ever  fo  much  agitated  and  mixt  with 
water,  it  would  foon  fubflde  from  it  again,  be« 
ing  fpecifically  heavier  :  in  the  fire  it  remains 
unaltered.  This  fubftance  feems  to  be  the  bafis 
of  bodies,  and  to  give  them  their  fhape  and 
texture. 

Water  is  the  principle,  which  feems  to  be  the 
moft  Ample,  next  after  this  earth.  It  is  fur* 
prizing  to  fee,  how  great  a  quantity  of  it  is  to 
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be  drawn  from  bodies,  which  appear  perfectly 
hard  and  dry.  There  are  fcarce  any  bodies, 
befldes  hones  and  metals,  that  do  not  yield  a 
confiderable  quantity  upon  diftillation.  The 
particles,  which  compofe  it,  join  themfelves  to 
the  other  parts  of  bodies,  and  unite  fo  with 
them,  as  to  fhew  no  figns  of  humidity  ;  yet, 
when  feparated,  forthwith  aflame  their  native 
form.  This  fluid,  by  fo  freely  uniting  itfelf 
with  other  lubftances,  becomes  the  chief  inflru* 
ment,  next  after  heat,  of  natural  operations  : 
for  the  a&ive  parts  of  matter,  by  fwimming  in 
this  fluid,  move  themfelves,  and  follow  without 
impediment  the  influence  of  thofe  powers,  by 
which  they  operate.  Without  this  fluid  to  give 
eafy  motion  to  the  particles  of  matter,  the  pow¬ 
ers  of  nature  could  have  very  little  effedh 
Thus  we  fee,  that  water  conveys  to  all  plants 
their  nourifhment ;  and  the  food  of  animals  is 
rendered  fluid  by  the  digeflion  of  the  ftomach, 
before  it  can  be  carried  farther  into  the  body, 
and  be  made  life  of  for  its  nourifhment. 

This  principle  of  water  is  poflefled  of  a  more 
extended  power,  by  which  its  parts  adhere  to¬ 
gether,  than  what  is  to  be  found  in  the  earth 
before  mentioned.  For  wherever  water  is  laid 
on  any  thing,  which  it  will  not  wet,  as  upon 
what  is  oiled,  it  forms  itfelf  into  fpherical  drops 
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by  the  mutual  attraction  of  its  parts  *,  and,  when 
mixed  with  the  fore  mentioned  earth,  it  caufes 
the  parts  of  that  to  adhere  firmer  together  than 
before.  But  notwithftanding  this  power  of  co- 
hefion  between  the  parts,  wherewith  water  is 
endued,  a  fmall  degree  of  heat  ferves  to  make 
the  parts  adhere  fo  weakly,  as  to  keep  it  fluid  y 
though  we  find  a  certain  degree  of  cold  will 
permit  it  to  form  itfelf  into  a  very  hard  mafs  in 
freezing. 

This  efFeCt  of  the  abfenee  of  heat  upon  water 
deferves  well  to  be  confidered.  Water  contracts 
in  its  dimenfions  by  cold,  as  all  other  bodies  do 
until  fuch  times  as  it  freezes.  Then  it  fwells- 
again. 

The  caufe  of  this  fo  remarkable  an  eflfeCb 
we  have  promifcd  particularly  to  inquire  into. 

The  academy  ereCted  at  Florence  for  the 
cultivation  of  natural  philofophy,  which  was 
the  firfl:  of  thofe  focieties  in  Europe,  have  long 
ago  made  very  many  judicious  experiments 
upon  this  matter.  * 

There  are  certain  mixtures,  whereby  fo  very 
intenfe  a  degree  of  cold  may  be  procured,  as 
will  fpeedily  freeze  water. 

Ice  in  powder,  or  fnow  mixt  with  common 

*  Saggi  d’Efperienze  di  Acad,  del  Cimento,  Firenze,  1667. 
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fait,  nitre,  and  fome  other  falts,  will  foon  freeze 
a  fmall  vefitl  of  water  fet  into  fuch  a  mixture. 
It  is  to  be  obferved,  that  the  ice  or  fnow  always 
melts,  before  it  produces  this  effedt.  At  the 
inftant  of  its  meiting  it  gives  the  mofl  intenfe 
cold.  After  this  its  cold  gradually  diminifhes 
by  the  warmth  of  the  circumambient  air.  The 
caufe  of  this  freezing  power  I  conceive  to  be,  as 
follows’*  Any  of  thefe  ingredients,  which  mixt 
with  the  fnow  or  ice  produce  this  cold,  are  fuch 
as  being  mixt  with  water,  are  a  great  impedi¬ 
ment  to  its  freezing.  This  is  a  known  effect  of 
common  fait,  the  molt  ufual  ingredient,  with 
which  freezing  mixtures  are  made.  Thefe  in¬ 
gredients  do  not  hinder  the  freezing  of  water  by 
keeping  it  warmer.  But  as  the  freezing  of  wa¬ 
ter  is  owing  to  a  difpofuion  peculiar  to  that 
fluid,  thefe  fubfcances  hinder  it,  by  changing 
that  difpofition.  Any  of  thefe  materials  being 
mixt  with  ice  already  formed,  foon  reduce  it  to 
the  fame  liquid  hate,  they  would  have  kept  it 
in,  had  they  been  mixt  with  the  water  before  its 
freezing.  And  the  ice  is  here  diffolved  without 
lofino;  anv  thing  of  its  coldnefs.  Now  the  cold- 
nefs  of  ice,  if  it  can  be  communicated  to  water 
without  diminution,  will  freeze  it,  for  the  de¬ 
gree  of  cold  in  the  ice  is  that,  which  retains  it 
in  that  form,  and  prevents  it  from  returning  to 
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water,  therefore  that  degree  of  cold,  commu¬ 
nicated  to  other  water,  muft  turn  that  alfo  into 
ice.  Now  a  heap  of  fnow  or  ice  in  powder  is  a 
colledion  of  particles  of  ice,  with  interfaces  be¬ 
tween  filled  with  a  warmer  medium.  There¬ 
fore,  if  any  veffel  of  water  be  fet  into  fuch  a 
heap  of  fnow  or  ice,  the  cold  communicated  to 
the  water  will  be  no  greater,  than  what  refuits 
from  the  coldnefs  of  the  ice  or  fnow  compounded 
with  the  warmer  condition  of  the  interfaces. 
But  when  the  fnow  or  ice  is  liquified  by  the 
means  before  mentioned,  then  the  veflel  is  fur- 
rounded  by  one  uniform  body  of  cold  equal  to 
that  of  a  folid  body  of  ice.  Therefore  in  this 
cafe  the  water  in  the  vefel  will  freeze,  in  the 
other  cafe  not. 

The  ingredients  mentioned  may  fomething 
haften  this  effed,  in  that  being  put  into  water, 
they  increafe  its  coldnefs,  while  they  are  dif- 
folving  in  it,  as  weiliall  fee  hereafter.  Though 
common  fait  willaflift  but  little  on  this  account. 
Nay  vinous  fpirits,  will  not  only  quicken  the 
freezing  power  of  thefe  mixtures  by  haftening 
the  liquidation  of  the  ice,  as  the  forementioned 
gentlemen  obferved  ;  but  will  alone  produce  the 
fame  effed,  as  fuccefsfully  as  the  falts  them- 
felves  :  yet  thefe  fpirits  in  mixing  with  water 
give  an  additional  warmth  to  it. 
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The  gentlemen  of  the  forementioned  acade¬ 
my  plunged  a  globular  glafs  with  a  very  (lender 
ftem  into  fuch  a  freezing  mixture,  as  we  have 
now  defcribed,  the  glafs  being  filled  with  water 
till  it  rofe  to  fome  height  in  the  fern.  At  the 
firft  immerfion  of  the  glafs  they  obferved  the 
water  to  rife,  but  foon  to  fubfide  again,  till  it 
funk  fenfibly  below  its  firft  height.  The  rife  of 
the  water  on  the  firft  immerfion  of  the  glafs  they 
foon  perceived  to  be  owing  to  this  caufe,  that 
the  glafs  by  being  in  immediate  contact  with 
the  freezing  mixture  was  firft  affected,  by  the 
cold,  and  by  contradting  diminiihed  its  cavity  ; 
but  when  the  water  began  alfo  to  be  affedted,  it 
funk  again  and  continued  to  fubfide ;  till  at 
length  it  would  rife  again,  at  firft  flowly,  but 
in  a  little  time  very  faft.  As  foon  as  this  mo¬ 
tion  was  over,  the  glafs  being  lifted  out  of  the 
freezing  mixture,  the  water  was  found  to  be 
frozen.  By  repeating  the  experiment  often,  and 
frequently  raffing  the  glafs  out  of  the  mixture, 
they  fometimes  had  the  good  fortune  to  take  it 
out,  at  the  inftant  it  was  going  to  freeze,  fo  that 
it  would  fometimes  freeze  before  their  eyes. 
In  this  cafe  upon  lifting  up  the  glafs,  the  water 
would  appear  as  clear  and  tranfparent  as  ever ; 
but  on  a  fudden  would  become  opake,  and  at 
the  fame  time  rife  up  in  the  ftem  of  the  glafs  : 
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and  then  the  water  was  frozen.  This  opacity 
of  ice  above  water  explains  the  whole  myftery 
of  the  dilatation  of  the  water  upon  freezing, 
Sir  Ifaac  Newton  has  clearly  proved,  that  the 
transparency  of  bodies  is  owing  to  the  fmallnefs 
of  their  pores  ;  and  that  nothing  more  is  necfcf- 
fary  to  render  a  pellucid  body  impervious  to  the 
light,  than  to  render  the  pores  of  it  large 
enough.  Thus,  when  the  moil  tranfparent 
glafs  is  beaten  to  powder,  the  powder  is  opake, 
or  impervious  to  the  light.  Why  the  largenefs 
of  the  pores  of  a  body  produces  this  efreft,  hr 
Ifaac  Newton  (hews  at  length,  viz.  by  the 
light’s  fuffering  fucceflive  refledlions  at  the  fur- 
faces  of  each  particles,  as  it  paffes  through  the 
pores,  till  it  is  wholly  loft. 

By  the  great  opacity  therefore  of  ice  in  re- 
fpedl  of  water,  we  know  that  the  particles  of 
water  in  freezing  unite  into  little  maffes,  and 
form  larger  particles,  which  neceffarily  occafion 
great  pores  between  them.  And  by  this  means 
they  compofe  a  body,  which  takes  up  more 
room  than  before,  while  they  ranged  them- 
felves  in  a  more  uniform  manner.  Tf*at  the 
particles  of  water  fhould  take  fuch  a  difference 
of  arrangement  upon  cold,  as  to  enlarge  the  bulk 
of  its  body,  muft  be  owing  to  their  particular 
make  and  conftitution  *,  perhaps  to  the  confi¬ 
guration 
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guration  of  them  ;  for  oils  will  grow  thick 
and  opake  by  cold  without  fwelling  thus ;  nor 
do  they  become  hard  and  brittle,  as  water  does. 
But  this  property  of  dilating  upon  changing 
from  a  fluid  ftate  to  a  folid,  is  not  peculiar  to 
water  alone :  it  is  common  to  all  bodies  that 
melt  into  a  fluid,  and  are  brittle  when  cold. 

( Here  freeze  a  water-thermometer  with  flow  or 
ice  and  fait  \  and  with  the  fame  and  fpirit  of 
wine.) 

In  the  next  place,  to  confider  falts  and  fpi- 
rits  *,  after  having  given  the  eflential  character* 
iftics,  whereby  falts  are  to  be  diftinguifhed  from 
other  fubftances,  it  will  be  proper  to  explain  the 
grand  divifion  of  them  into  acid  and  alkali, 
which  has  made  much  noife  among  the  natural 
philofophers.  All  the  principles  in  philofophy 
of  fome  men  have  been  confined  to  thefe  two. 
This  divifion  of  falts  does  in  reality  deierve  our 
greateft  attention.  But  as  all  fpirits,  except 
the  inflammable  vinous  fpirits,  leem  to  be  only 
a  difiolution  of  fome  fait  in  water ;  in  what  I 
am  going  to  fay  upon  acid  alkali,  I  fhall  fpeak 
of  falts  and  fpirits  prornifeuoufly. 

An  acid  is  properly  that,  which  taftes  four, 
when  applied  to  the  tongue,  whether  it  be  a 
dry  powder,  or  a  liquor,  that  is,  whether  it  be 
fait  or  fpirit :  for  it  is  to  be  obferved,  that  of 
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dry  bodies  falts  only  are  the  proper  fubjedts  of 
tafle,  for  earths  being  undiiTolvable  in  water, 
and  unadtive  fubfrances,  will  not  diffolve  in  the 
faliva  nor  adl  upon  the  nerves  of  the  tongue, 
otherwife,  than  as  by  drying  up  the  humi¬ 
dity,  wherewith  the  tongue  is  moiftened,  they 
jnay  create  a  perception,  which  in  the  com¬ 
mon  phrafe  of  fpeech  may  be  comprehend¬ 
ed  under  the  general  name  of  that  fpecies  of 
fenfation,  to  which  this  organ  is  appropriated. 
The  alkalis  are  fuch  falts  and  fpirits,  as,  when 
mixt  with  acids,  raife  a  conflidt  and  efferve- 
fcence,  and  in  the  end  deprive  them  of  their 
acidity.  Some  acids  will  ferment  with  each 
other.  Oil  of  vitriol  for  initance  ferments  with 
the  weaker  acid  of  fpirit  of  fait :  but  here  the 
mixture  flill  remains  acid. 

I  . 

(Here  the  experiments  of  acids  fermenting  with 
alkalis.) 

What  this  fermentation  is,  and  to  what  caufe 
its  vifible  effedts  are  owing,  will  be  inquired 
hereafter. 

Sir  Ifaac  Newton  fee  ms  to  think,  that  thp 
acid  principle  is  the  great  agent  in  nature,  which 
fets  at  work  the  other  parts  of  matter.  There 
is  a  paper  written  by  him  particularly  upon 
acids. 
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It  was  communicated  firft  to  Dr.  Pitcairne, 
and  by  his  means  came  into  the  hands  of  others. 
It  was  at  length  printed  in  the  fecond  volume 
of  the  Lexicon  Technicum  of  Dr,  Harris.  Sir 

f 

Ifaac  there  fays,  I  call  acid,  what  att rafts 
ftrongly,  and  is  ftrongly  attrafted.  He  appre¬ 
hends  acid  particles  united  to  earth  to  be  the 
compoiition  of  all  falts.  Even  that  the  alkalis, 
which  are  ufually  treated  as  the  oppofites  and 
antagonifts  of  the  other,  he  fuppofes  to  be  only 
earth  joined  with  an  acid  ftrongly  attractive. 
But  his  opinion  in  thefe  particulars  we  fhall 
more  diftinftly  inquire  into,  and  explain  in 
the  courfe  of  thefe  leftures,  as  we  prepare  the 
particular  fubftances  to  which  thefe  opinions 
relate. 

But  to  proceed,  befides  thefe  marks  I  have 
given  to  diftinguifti  between  acids  and  alkalis, 
there  are  other  methods  made  ufe  of  to  difcover 
them.  Sometimes  an  acid  or  alkaline  quality 
lies  hid  in  a  fubjeft  fo  as  not  to  manifeft  itfeif 
very  diftinftly  to  the  fenfes,  by  the  foremen- 
tioned  direft  trials ;  yet  will  produce  fuch  ef- 
fefts,  as  more  manifeft  acids  and  alkalis  are 
known  to  do.  One  of  thefe  effefts  is  the 

*  5’,.  *  -.  '  .  i 

change,  they  occafion  in  the  colours  of  many 
bodies.  Syrup  of  violets,  is  commonly  made 
ufe  of  in  thefe  trials.  Acids  turn  its  blue  co- 
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lour  into  red,  alkalis  change  it  to  green.  But 
Mr.  Boyle  recommends  above  all  the  tin&ure  of 
lignum  nephriticum. 

If  cold  water  be  poured  upon  a  few  fliavings 
of  this  wood,  it  foon  acquires  a  tin&ure,  which 
looked  upon  appears  blue,  but  feen  through 
appears  red.  This  blue  tint  is  taken  off  by  an 
exceeding  fmall  quantity  of  acid,  even  when  the 
tin&ure  is  made  very  deep.  For  this  reafon 
Mr.  Boyle  recommends  it  as  the  moft  fubtle 
criterion  of  acidity.  Alkalis  heighten  the  blue 
tin&ure. 

(Here  the  experiments  with  fir.  viol,  and  tinft . 
lign.  nephrit.) 

No  other  fpirits,  befides  thofe  which  are  acid 
or  alkali,  have  been  much  confidered  in  che- 
miftry ;  except  only  the  inflammable  vinous 
fpirits.  Mr.  Boyle  has  made  fome  mention  of 
other  fpirits,  and  calls  them  neutral. 

Neutral  falts  are  commonly  known  j  fuch  is 
common  fea-falt,  we  ufe  at  the  table  ;  fuch  alfo 
is  falt-petre,  the  largefl  ingredient  in  gun¬ 
powder. 

Inflammability  is  a  property,  which  belongs 
to  no  fpirir,  except  the  vinous  fpirit;  but  ail 
oils  are  poflefled  of  it.  This  fo  remarkable  a 
property  of  thefe  fluids,  while  water  on  the  con¬ 
trary 
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trary  is  a  potent  extinguifher  of  fire,  deferves 
particular  confideration. 

It  has  been  obferved  before,  that  ajl  bodies, 
when  heated  to  a  certain  degree,  emit  light  and 
fhine  ;  water  can  never  receive  fo  great  a  degree 
of  heat.  The  heat  it  has,  when  boiling,  is  the 
greateft,  the  mo  ft  intenfe  fire  can  give  it,  and 
with  this  heat  it  flies  away  in  vapour.  This 
property  of  water,  of  being  incapable  of  any 
great  heat,  is  that,  which  enables  it  to  extin- 
guifh  fire. 

It  has  been  obferved  in  a  former  lecture,  that 
heat  diffufes  itfelf  from  the  hot  body,  and  de¬ 
cays  gradually.  That  it  never  flops  fhort,  and 
is  interrupted  at  once  *,  infomuch  that  the  near 
approach  of  a  cold  body  to  a  hot  one  neceflfarily 
diminifhes  the  heat.  For  this  reafon,  when 
cold  water  is  thrown  upon  a  piece  of  hot  metal, 
or  a  burning  coal,  the  heat  of  the  body  is  necef- 
farily  leflened,  till  the  water  is  by  degrees  heat¬ 
ed  and  thrown  off  in  vapour.  But  fince  water 
can  receive  but  a  fmall  degree  of  heat  •,  if,  as 
fall  as  the  hot  body  difiipates  the  water  thrown 
upon  it,  frefh  water  be  fupplied,  the  body  mu  ft 
at  laft  be  reduced  to  the  heat  of  boiling  water 
only.  But  with  this  heat  no  bodies  known,  ex¬ 
cept  the  phofphorus  from  urine,  will  burn.  Thus 
fire  muft  be  extinguifhed. 
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Oils  are  capable  of  receiving  a  greater  degree 
of  heat,  than  water  is  ;  infomuch  that  the 
fleam,  which  rifes  from  them,  will  emit  light 
and  fhine  ;  and  when  oil  has  acquired  this  heat, 
it  will  continue  it,  and  confume  away  in  a 
fKining  finoke  or  vapour  ;  that  is,  the  oil  will 
burn. 

It  may  be  afked,  why  oil,  when  heated  to 
this  degree,  fhould  continue  thus  hot  without 
diminution,  till  it  is  confumed,  though  no  other 
fire  be  near  it;  whereas  hot  water,  when  re¬ 
moved  from  the  fire  grows  gradually  cool  again. 
This  is  common  to  oil  with  all  burning  bodies, 
and  they  all  require  the  prefence  of  the  air  for 
this  purpofe.  Any  burning  body  in  a  clofe 
place,  where  all  accefs  of  frefh  air  is  excluded, 
foon  is  extin giiifhed  and  grows  cool. 

There  is  another  particular  in  the  heat  of 
burning  bodies,  which  is  likewife  owing  to  the 
air.  Thefe  bodies,  like  all  others,  grow  gra¬ 
dually  hot  by  the  influence  of  the  heat  applied 
to  them,  till  the  inftant  in  which  they  take 
fire.  At  that  moment  their  heat  increafes 
many  fold  on  a  fudden.  As  they  will  not 
burn  without  the  afliftance  of  the  air,  fo  they 
never  receive  this  fudden  increafe  of  their 
heat,  if  the  air  be  abfent,  but  will  grow 
gradually  hotter  and  hotter,  as  othe/  bodies  do, 
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till  they  come  to  the  greateft  heat,  they  are 
capable  of. 

Burning  bodies  do  not  all  require  the  fame 
degree  of  heat  to  fet  them  on  fire.  Brimftone 
will  take  fire,  and  flame  with  lefs  heat,  than  is 
required  to  fire  oil,  fpirit  of  wine  with  lefs 
heat  than  brimftone,  and  the  phofphorus  made 
from  urine,  with  much  lefs  heat  than  fpirit 
of  wine.  And  fometimes  the  bodies,  that  take 
fire  with  the  leafl  heat,  are  the  hotteft,  when 
on  fire.  The  flame  of  fpirit  of  wine  is  hotter 
than  the  flame  of  oil  5  and  the  flame  of  the 
phofphorus  from  urine  much  hotter  than  either. 

In  fhort,  bodies  take  fire  by  an  adlion  between 
them  and  the  air,  and  a  certain  degree  of  heat 
is  required  in  every  body  (though  not  in  all  the 
fame)  to  excite  this  a&ion.  This  a&ion  conti¬ 
nues  all  the  time  the  body  burns.  As  foon  as 
it  ceafes,  or  is  diminifhed  beyond  a  proper  de¬ 
gree,  the  burning  is  extinguifhed.  By  fetting 
a  body  on  fire  in  a  clofe  vefiel  this  adlion  is  dis¬ 
covered  to  have  a  very  remarkable  effect  upon 
the  air  itfelf  •,  for  it  is  found  to/defiroy  the  elaf- 
ticity  of  part  of  it.  If  by  an  air-pump  the  air 
ahout  the  burning  body  is  gradually  rarified  ; 
or  though  the  air  remain  equally  condenfed,  as 
the  body  in  burning  charges  the  air  with  fumes, 
which  mixt  with  it  caufes  lefs  and  lefs  pure  air 

to 
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to  be  in  contad  with  the  burning  body  :  in  both 
thefe  cafes  the  burning  foon  ceafes. 

But  in  the  open  air,  the  air  near  the  burning 
body  being  rarified  by  its  heat  becomes  lighter 
than  the  reft  of  the  air,  and  therefore  muft 
afcend,  while  its  place  is  fupplied  by  frefh  air, 
which  being  rarified,  in  its  turn  aifo  afcends. 
By  this  means  a  conftant  current  of  frefh  air 
flows  by  the  hot  body. 

There  is  but  one  other  body  known,  which 
is  pofteft  of  this  property  of  the  air,  and  that  is 
nitre.  This  fubftance,  we  fhaii  hereafter  fee, 
will  make  bodies  burn,  upon  which  the  air  can¬ 
not  eafily  be  brought  to  have  any  fuch  effed  * 
and  being  an  ingredient  in  gun-powder,  caufes 
that  to  take  fire  without  the  afiiftance  of  the  air. 

But  what  kind  of  adion  this  is,  whereby  the 
air  keeps  bodies  on  fire,  we  fhall  fee  more  dif* 
tindly  hereafter. 

As  this  adion  of  the  air  is  the  only  means 
found  here  upon  the  earth  of  continuing  heat 
without  diminution ;  it  is  not  improbable,  that 
the  fun  is  a  body  adually  on  fire,  kept  burning 
and  in  a  flame  by  an  air,  which  encompaiTes  it. 
Perhaps  the  vapours  arifing  in  this  flame,  after 
circulating  a  time  in  the  fun’s  atmofphere  fall 
down,  and  become  combuftible  again.  If  fo, 
the  fun  will  continue  for  ever  burning  without 
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being  confumed,  The  changes  feen  in  the  fur- 
face  of  the  fun  agree  very  well  with  its  being 
fuch  a  burning  body,  nor  is  its  denfity  too 
great,  being  not  above  one-fourth  of  the  denfity 
of  our  earth. 

Thus  I  have  endeavoured  to  give  fome  ac- 
count  of  the  five  kinds  of  fubftances,  into  which 
bodies  are  divifible  by  the  fire.  Thefe  are 
eonfidered  by  the  modern  chemifts,  as  fo  many 
principles,  on  which  they  build  their  reafonings. 

Paracelfus  and  his  train  are  more  concife  : 
they  enumerate  but  three  principles,  fait,  ful- 
phur,  and  mercury  •,  by  the  fir  ft  meaning  what¬ 
ever  is  fixt,  by  the  fecond  whatever  burns,  and 
by  the  third  all  that  is  volatile  which  Paracel¬ 
fus  illuftrates  after  this  crude  manner,  in  wood 
on  fire,  what  burns  in  it  is  fulphur,  the  fmoke 
is  the  mercury,  and  the  afhes  the  fait.*' 

But  in  regard  to  the  five  fubftances,  which 
have  been  here  enumerated,  the  great  queftion, 
which  occurs  is,  how  far  they  deferve  the  name 
of  principles.  If  by  principles  are  meant  the 
original  forms  of  the  particles  of  matter,  by 
whofe  union  in  various  proportions  all  com¬ 
pound  bodies  are  produced,  while  themfelves 
are  neither  alterable  nor  divifible  by  any  natural 

*  Quod  ardet,  fulphur  eft ;  quod  efFumat,  eft  mercurius  ^ 
qui  cinis  relinquitur,  fal  eft.  VoL  i.  p.  34.  col.  1. 

powers , 
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powers  •,  thefe,  we  have  here  called  principles, 
certainly  deferve  not  that  appellation  ;  for  they 
are  themfelves  compound  fubftances,  and  their 
conftituent  pans  feparable  by  chemical  opera¬ 
tions,  as  we  fhall  fee  in  the  courfe  of  thefe  lec¬ 
tures.  But  as  the  firft  operation  of  the  fire  in 
analyzing  bodies  divides  them  into  feme,  or  all 
of  thefe  fubftances ;  they  are  the  firft  frep  in 
chemiftry  towards  difclofing  the  nature  of  each 
compound  :  and  what  additional  progrefs  cart 
be  made  in  the  knowledge  of  natural  bodies 
muft  be  deduced  from  examining  and  farther 
decompounding  thefe. 

Befides  the  five  fubftances  here  mentioned* 
there  is  another  produced  from  bodies*  though 
not  fo  much  taken  notice  of  by  chemifts*  This 
is  an  aerial  vapour,  which,  when  purged  from 
the  heterogenous  fubftances  that  rife  with  it, 
feems  to  be  true  permanent  air. 

1  fhall  only  add  here,  that  the  chemifts  have 
been  many  of  them  very  confufed  injudicious 
writers,  confounding  the  life  of  their  terms 
without  end.  And  thence  fome  names  in  com¬ 
mon  ufe  are  not  conformable  to  the  definitions* 
1  have  given  above.  For  inftance,  oil  of  vitriol, 
and  oil  of  tartar  per  deliquium,  are  by  no  means 
properly  to  be  called  oils,  for  both  will  mix 
with  water,  nor  is  either  of  them  inflammable. 

They 
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They  are  in  nothing  like  oil,  but  in  a  little 
ropinefs,  which  appears  in  them,  as  they  are 
poured  out  of  a  bottle. 

After  this  explanation  of  the  general  tffbftg 
of  the  chemical  analyfis,  at  our  next  meeting,  4 
Iball  proceed  to  confider  compofmom 
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LECTURE  V 


F  T  E  R  explaining  the  general  effects 


,i  JL  of  chemical  analyfis,  and  the  principles 
of  natural  bodies,  that  difcovers  *,  chemical 
compofition  is  next  to  be  confidered. 

All  mixtures  of  different  bodies,  fluid  or  fo- 
lid,  where  their  parts  are  mutually  united,  come 
under  the  prefent  head.  But  the  mod  eminent 
of  thefe  mixtures  is,  when  a  fluid  is  endued 
with  a  power  of  infmuating  itfelf  between  the 
parts  of  a  folid  body,  and  uniting  with  them. 
In  this  adion  indeed  the  parts  of  the  folid  body 

arefeparated  from  each  other,  and  therefore  the 

\ 

body  is  not  improperly  laid  to  be  diffolved  j 
but  as  the  effed  of  this  is  to  unite  the  parts  of 
the  body  with  thole  of  the  fluid,  the  adion 
comes  properly  under  the  head  of  chemical 
compofition.  When  the  fluid  diffolves  the 
whole  body,  and  receives  all  its  parts  intire 
within  itfelf  the  operation  is  merely  compofi¬ 
tion  •,  but  often  the  effed  of  fuch  diffolution  is 
more  complex  ;  and  while  one  part  of  the  body 
is  united  with  the  fluid,  fome  other  either  flies  off 
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irf  vapour,  or  fubfides :  here  there  is  a  combi¬ 
nation  both  of  analyiis  arid  compofition. 

Every  fluid,  which  has  a  power  to  diflolve 
other  bodies,  is  called  a  menftruum.  The 
operation  of  the  menftruum  is  owing  to  fome 
power,  whereby  its  particles  attract  and  adhere 
to  the  parts  of  the  body,  it  diflolves  ;  the  par¬ 
ticles  of  the  menflruum  muft  likewife  be  in  a 
difpofltion,  that  they  can  eafily  move  toward 
the  body  to  be  diflolved  ;  and  fluidity  beft  fits 
them  for  this  end.  Pure  water  is  a  menftruum 
to  all  faks.  And  all  the  reft  of  the  menftruums 
are  no  other  than  water  impregnated  with  fome 
adtive  particles.  . 

Sir  Ifaac  Newton  is  of  opinion,  that  wherever 
any  diflolution  is  made,  there  an  acid  is  prefent, 
jf  not  manifeft  tofenfe,  yet  latent  •,  in  which  he 
only  exprefles  his  fentiment,  that  acid  particles 
are  the  adtive  principles,  that  attract  other  bo¬ 
dies,  and  are  attracted  by  them.  Thus  he  ap¬ 
prehends  every  kind  of  fait  to  be  only  an  acid 
joined  to  fome  other  fubftance.  He  chufes  to 
call  thefe  adtive  principles  acid,  becaufe  he  fup- 
pofes,  that  whenever  they  ftiould  be  united 
with  water  alone,  they  will  exhibit  that  tafte. 
Though  neither  fea-falt,  nor  nitre  has  any  acid 
tafte,  yet  fpirits  very  ftrongly  acid  are  to  be  ex- 
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pelled  from  them,  after  which  the  remains  will 
be  a  mere  earth. 

The  greateft  part  of  menftruums  are  faline  ; 
fpirit  of  wine  indeed  partakes  of  the  nature  of 
an  oil,  and  its  dilfolving  power  chiefly  confifts 
in  affociating  with  itfeif,  the  undtuous  parts 
of  vegetables.  Thus  we  lliall  fee  it  diffolve  re¬ 
fines,  or  the  rnfpiftated  oils  of  vegetables,  and 
extract  them  from  the  compound,  in  which  they 
are  lodged. 

We  have  already  obferved,  that  the  men- 
ftruum  mult  have  its  parts  moveable,  that  they 
may  come  readily  in  contact  with  the  body, 
they  are  to  a6t  upon ;  and  that  this  requires 
fluidity.  In  a  fluid  flate,  the  aftive  principles, 
while  fwimming  in  a  liquor,  eafily  move.  By 
this  means  they  readily  approach  the  body,  they 
are  to  work  upon  ;  and  being  in  contaft  with  it 
penetrate  the  body  ;  the  aclive  particles  of  the 
menftruum  insinuating  themfelves  between  the 
particles  of  the  body,  and  carrying  along  with 
them  part  of  the  fluid,  wherein  they  float,  they 
difunite  thole  particles :  that  is,  they  feparate 
them  fo  far  afunder,  till  they  can  no  longer  a6t 
on  each  other,  fo  as  to  caufe  a  coherence.  Then 
the  particle  of  the  body  in  diflblution  is  inverted 
by  the  dilfolving  particles  of  the  menftruum, 

and 
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and  carried  away  with  them  into  the  fluid.  Thus 
the  body,  though  heavier  than  the  fluid  men¬ 
ftruum,  is  fufpended  in  it,  fo  as  to  compofe  one 
fluid  body  with  it. 

It  is  here  to  be  noted,  that  thefe  aftive  parti¬ 
cles  of  the  menftruum  do  not  attrad  one  ano¬ 
ther,  but  the  other  particles  of  the  fluid,  where¬ 
in  they  fwim.  Whence  in  the  fluid  they  are 
difperfed  equally  throughout  it,  and,  when  they 
have  diflolved  a  body,  they  in  like  manner  dif- 
fufe  the  parts  of  that  body  uniformly  through 
the  menftruum. 

r 

When  menftruums  diffolve  bodies,  a  viflble 
motion  is  frequently,  though  not  always  feen  in 
.them,  and  bubbles  filled  with  air  rife  in  great 
plenty.  This  motion  is  called  by  the  name  of 
fermentation,  a  word  firft  applied  to  that  intes¬ 
tine  motion  raifed  in  pafte  by  the  means  of  le- 
ven  in  order  to  break  the  mucilage  of  the  grain 
In  the  preparing  of  bread  ;  but  now  by  chemifts 
is  ufed  generally  for  every  kind  of  viflble  effer- 
vefcence,  fuch  as  is  feen  in  mixing  any  fluid 
either  with  another  fluid,  or  with  a  folid  body. 

Heat  promotes  the  acting  of  menftruums. 
A  menftruum,  when  heated,  fooner  diifolves  a 
body,  than  when  cold,  and  while  hot,  will  re¬ 
tain  more  of  the  diflolved  body,  than  it  can 
hold  afterwards,  a  part  fubfiding,  as  the  men- 
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Itruum  cools.  Thus  water  will  keep  more  fait 
or  fugar  diffolved,  while  hot,  than  it  will  re¬ 
tain,  when  grown  cold  again.  Nay  if  care  be 
taken  to  impregnate  the  hot  menilruum  with 
the  body  to  a  fufficient  degree,  the  parts  of  the 
diffolved  body,  when  the  menilruum  is  become 
cold,  will  unite  together  again,  and  feparate 
from  the  menilruum. 

Iris  not  difficult  to  conceive,  upon  what  prin¬ 
ciple  heat  promotes  the  adlion  of  menilruums. 
Heat  dilates  all  bodies,  and  we  alfo  know,  that 
by  fo  doing,  it  diminiffies  the  cohefion  of  their 
parts ;  for  it  not  only  quite  feparates  the  parts 
of  many  bodies,  when  it  arifes  to  a  fufficient 
height,  but  univerially  in  every  degree  renders 
bodies  fofter  thus  fluids  by  heat  become  more 
liquid,  and  the  moil  rigid  folids  diminiih  in 
flrmnefs,  till  they  become  quite  flexible,  or  even 
fluid.  But  as  the  adion  of  menilruums  is  to 
difunite  the  parts  of  bodies,  we  need  feek  no 
farther  to  know,  what  afliftance  heat  gives  to 
this  adion,  than  that  it  leflens  the  cohefion  of 
the  bodies  to  be  diffolved. 

As  the  adion  of  menilruums  is  promoted  by 
heat,  fo  the  temperature  of  the  menilruum  is 
for  the  moil  part  changed  during  the  time  of 
its  ading,  from  what  it  was  before.  Moil  fre¬ 
quently  the  menilruum  grows  hot.  In  feme 
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cafes  it  grows  cold.  The  like  alfo  is  often  ob- 
ferved  in  mixing  fluids  with  each  other. 

To  form  fome  idea  of  two  fuch  oppoflte  ef¬ 
fects,  let  us  confider,  that  as  the  action  of  heat 
is  to  expand  bodies,  and  keep  their  parts  at  a 
diftance  ;  fo  the  a&ion  of  a  menftruum  is  to 
draw  the  parts  of  the  body  towards  its  own 
parts  ;  that  is,  while  it  operates  to  caufe  a  con¬ 
traction  of  the  whole  :  and  this  being  an  aftion 
contrary  to  the  aCtion  of  heat,  it  is  hence  very 
conceivable,  how  cold  is  produced.  To  difco- 
ver  whence  heat  arifes  in  thefe  cafes,  it  mult  be 
known,  and  fhal!  hereafter  at  large  be  (hewn, 
that  there  is  one  fubftance  in  all  bodies  ;  by  the 
copioufnefs  of  which  in  inflammable  bodies, 
they  are  indued  with  the  power  of  burning. 
We  often  fhall  call  it  the  inflammable  fubftance 
or  principle  :  it  is  alfo  ufually  called  fulphur. 
Now  fir  Ifaac  Newton  fhews,  that  light,  and 
confequently  heat,  operates  immediately  upon 
this  part  in  bodies.  We  fhall  hereafter  fee, 
that  in  all  vifible  fermentations  a  part  of  this  is 
carried  away  in  the  frothy  bubbles,  that  break 
through  the  liquor.  It  may  alfo  go  off  iavifi- 
bly  i  for  when  it  goes  off  in  the  vifible  appear¬ 
ance  of  bubbles,  another  fubftance  accompanies 
it.  Such  an  agitation  of  the  fulphur,  as  to  ex¬ 
pel  part  of  it  out  of  the  body,  muft  excite  heat ; 
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this  being  the  fubftance  immediately  operated 
on,  and  put  into  motion,  when  a  body  is  heated. 
In  this  cafe  therefore  we  are  to  confider  two 
caufes  operating  together-,  the  forementioned 
contraction  productive  of  cold,  and  this  expul- 
fion  of  fulphur,  whereby  heat  is  occafioned. 
#When  this  latter  operation  prevails,  the  mixture 
grows  hot. 

Saltpetre  and  fal  ammonia^  (falts  we  fhall 
hereafter  take  under  particular  confideration) 
mixt  with  water  produce  cold,  mixt  with  ftrong 
fpirit  of  vitriol  produce  a  great  heat,  but  the 
acid  fpirit  may  be  fo  much  diluted  with  water, 
that  cold  fhall  refult  from  the  mixture,  though 
not  in  fo  great  a  degree  as  from  mixing  thofe 
falts  with  water  alone.  And  in  this  cafe  while 
a  thermometer  plunged  in  the  mixture  is  affect¬ 
ed  with  cold,  another  fulpended  over  it  fhall 
receive  heat  from  the  afcending  vapour,  an  evb* 
dent  proof  that  in  this  cafe  both  the  caufes  be¬ 
fore  mentioned  operate. 

It  is  here  to  be  noted,  that  as  bodies  are  made 
up  of  particles,  which  are  themfelves  compofed 
of  other  particles  ;  fo  thefe  menftruums  dif- 
folve  only  the  grofs  body,  but  not  the  par¬ 
ticles  which  compofe  it.  Their  parts  adhere 
together  by  a  force  not  to  be  overcome  by  thefe 
powers. 
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Adion  and  readion  in  all  bodies  are  equal ; 
therefore,  when  I  here  fpeak  of  menftruums 
difiolving  bodies,  I  would  not  be  under¬ 
stood,  as  if  the  power  of  diflblving  afcribed  to 
one  of  the  bodies  was  a  property  of  a  diftind 
kind  from  the  difpofition  to  be  dilTolved  attri¬ 
buted  to  the  other.  The  diflblution  is  mutual,- 
for  the  parts  of  both  are  removed  farther  from 
each  other  than  before. 

When  a  fluid  ads  on,  and  divides  the  parts 
of  a  folid,  it  is  ufual  to  fay,  the  folid  body 
is  diflolved,  and  that  the  fluid  is  the  diflfolver. 
But  indeed  the  effed  in  ftridnefs  is,  that  both 
fubftances  become  united,  and  as  the  fluid,  by 
inflnuating  itfelf  into  the  folid  body,  has  fepa- 
rated  its  parts,  and  difperfed  them  throughout 
itfelf,  fo  the  fluid  has  its  parts  in  fome  meafure 
feparated  by  the  particles  of  the  other  body 
coming  into  it,  and  the  refult  is  acompofltion 
of  the  two  fubftances  into  one. 

Two  things  farther  are  to  be  remarked  con¬ 
cerning  menftruums.  One  is,  that  after  they 
have  diflolved  any  body,  if  another  body, 
whereon  they  ad  more  vigorously,  be  put  into 
them,  they  quit  the  fir  ft  body  in  order  to  lay 
hold  of  the  fecond  ;  fo  that  the  firft  body  Shall 
fall  down,  if  it  be  heavier  than  the  menftruum, 
which  is  the  moft  common  cafe,  and  is  called  pre- 
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cipitation.  If  the  firft  body  aiffolved  be  light¬ 
er  than  the  menftruum,  it  will  fwim  on  the  top 
of  it*  This  not  being  a  very  common  cafe  has 
no  particular  name ;  but  is  in  eftedt  the  fame 
with  the  other. 

Another  particular  to  be  here  obferved  is, 
that  when  a  menftruum  by  the  afliftance  of  heat 
has  been  charged  with  a  greater  portion  of  the 
fubftance  diffolved,  than  it  will  retain,  when 
cold,  the  redundancy  does  not  always  fimply 
fubftde,  but  frequently  gathers  together  in 
grains  of  fome  fpecific  fhape.  And  this  manner 
of  the  diftblved  body’s  feparating  from  the 
menftruum  is  called  cryftallization  ;  wherein  to 
render  the  grains  depofited  large  and  in  their 
moft  perfect  form,  fome  management  is  necef- 
fary.  If  the  liquor  is  tooftrongly  impregnated, 
the  grains  concrete  together,  and  their  true 
figure  not  eafily  perceivable.  The  moft  cer¬ 
tain  method  is  to  diiTolve  the  materials,  which 
are  principally  falts,  when  pure  water  is  the 
menftruum,  in  a  large  quantity  of  the  liquid, 
and  then  to  evaporate  to  a  due  degree. 

The  rule  generally  given  for  determining 
the  proper  degree  of  evaporation  is  to  proceed 
with  a  gentle  heat,  till  a  ftcin,  or  in  the  more 
ufual  language  of  chemifts,  a  pellicle  appears 
upon  the  furface  of  the  water.  By  this  is 

known 
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known  in  moft  falts,  when  the  hot  liquor  is 
fo  far  impregnated  with  the  fait,  that  a  part 
will  feparate  from  it,  when  cold.  In  nitre 
this  pellicle  fcarce  appears.  Thofe,  who  per¬ 
form  this  operation  upon  nitre  in  large  quanti¬ 
ties,  judge  of  the  evaporation  by  the  weight 
of  the  liquor  ;  for  the  fait  being  a  more  pon¬ 
derous  body  than  water,  the  water,  as  it  is 
farther  charged  with  fait,  becomes  more  weigh¬ 
ty.  But  we  may  alfo  judge  when  the  liquor  is 
difpofed  to  fhoot,  by  taking  a  little  up  in  a 
fpoon,  and  waiting  till  it  is  cold,  and  if  the. 
liquor  be  fufficiently  charged  with  nitre,  the 
fait  will  begin  to  appear  in  fmall  threads. 
Sea- fait  and  borax,  if  the  water  be  fufficient¬ 
ly  evaporated,  will  ffioot,  while  the  water  is 
hot. 

This  cryftallization  of  falts  is  an  operation, 
which  greatly  merits  confideration.  It  pro- 
mifes  no  inconfiderable  light  into  the  nature 

1  o* 

of  thofe  powers,  by  which  the  fmall  parts  of 
matter  a£t  on  each  other. 

If  the  lead  quantity  of  water  be  poured 
upon  a  parcel  of  fait,  it  will  foon  be  difperfed 
through  it;  but  the  fait  being  a  heavier  body 
than  water,  the  upper  part  of  the  wet  fait  will 
have  more  water  among  it  than  the  bottom, 
the  fait  by  its  weight  thrufting  up  the  water. 

If 
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If  there  were  no  a&ion  between  the  water 
and  the  fait,  the  water  would  be  all  kept  up¬ 
wards,  and  the  fait  lie  at  the  bottom  as  com- 
together,  as  it  did,  before  the  water 
was  put  to  it.  But  by  the  adion,  there  is, 
between  the  parts  of  the  fait  and  of  the  wa¬ 
ter,  the  water  will  take  up  fome  of  the  fait, 
and  fuflain  it  againit  the  power  of  its  gra¬ 
vity.  If  more  water  be  poured  on,  more  of 
the  fait  will  be  taken  up,  till  at  length  with 
a  due  quantity  of  water  all  the  fait  will  be 
difperfed  through  the  water  ;  infomuch  that 
the  lowed  part  of  the  water  will  fearce,  if  at 
all,  be  more  impregnated  than  the  very  top. 
But  for  this  effect  there  requires  a  certain 
quantity  of  water  in  proportion  to  the  lalt. 
And  in  different  falls  this  proportion  is  very 
different. 

With  the  heat  which  water  will  have  in  a 
moderate  temper  of  our  air,  common  fait  re¬ 
quires  Ids  than  three  times  its  own  quantity 
of  water  to  keep  it  diffolved  ;  nitre  requires 
fome  what  more  than  common  fait  •,  green  vi¬ 
triol  fearce  twice  its  own  weight •,  but  alum 
requires  near  feven  times  its  weight  of  water  ; 
and  borax  twice  as  much. 

As  water*  by  a  great  heat,  can  be  much 
more  ftrongly  impregnated  with  any  of  thefe 
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falts,  than  when  cold  ;  fo,  when  the  water 
cools  again,  the  overplus  by  its  gravity  will 
fubfide. 

But  the  particles  of  the  fait,  when  not  kept 
feparate  by  the  water,  have  a  power,  where¬ 
by  they  approach  and  adhere  to  each  other. 
Therefore,  if  the  water  be  fo  far  only  eva¬ 
porated,  that  this  fubfidence  of  the  fait  may 
be  performed  leifurely,  the  particks  of  fait 
will  adt  fo  on  each  other  as  to  unite  in  cluf- 
ters,  and  form  diftindt  bodies  of  a  regular 
fhape. 

The  colder  the  place  is,  in  which  the  li¬ 
quor  is  fet,  the  cryfialline  bodies,  into  which 
the  fubfiding  fait  forms  itfelf,  will  be  the 
larger. 

By  the  particles  of  the  fait  thus  meeting  to» 
gether  in  regular  fhapes,  it  muft  be  concluded, 
that  before  they  began  to  meet,  they  were  dif- 
perfed  through  the  water  at  equal  difiances 
from  each  other.  And  this  is  a  natural  confe- 
quence  of  the  adlion  between  them  and  the 
water  ;  for  each  particle  adting  equally  on  the 
water,  one  oariicle  will  encompafs  itfelf  with  as 
great  a  quantity  of  water,  as  the  other.  The 
mod  dimcuk  enquiry  in  this  cafe  is,  what  caufes 
the  particular  figure,  into  which  each  fait  fho^ts. 
This  mult  of  necefiky  arife  in  general  from  this 
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can fe,  that  the  particles  of  the  falts  are  of  par¬ 
ticular  figures  j  and  that  thefe  falts  on  their  dif¬ 
ferent  fides  have  different  powers  of  adting  5 
for  by  this  means  thefe  particles  will  meet  on 
fome  of  their  fides  only,  but  not  on  others,  and 
fo  form  the  particular  figures*  into  which  we 
find  them  to  fhoot.  It  appears  very  furprizing* 
that  the  particles  of  matter  fhould  have  fuch 
different  properties  on  their  different  fides  *,  but 
fir  Ifaac  Newton  has  evidently  demonftrated 
this  of  the  rays  of  light,  fo  that  the  fame  thing 
may  with  lefs  difficulty  be  admitted  in  other 
cafes  alfo,  where  there  appears  any  proof  of  it. 
Whether  this  can  be  occafioned  only  by  the 
figure  or  fhape  of  the  particle,  will  be  beft 
known,  when  we  fhall  have  gained  a  more  di- 
ftindl:  infight  into  the  caufe  productive  of  this 
adtion  between  the  parts  of  matter. 

All  that  has  been  faid  of  falts  equally  obtains 
in  metals,  which,  when  diffolved  in  their  pro¬ 
per  menilruums,  are  difpofed  to  fhoot  out  of 
them  in  fome  d iff  indt  form,  after  the  fame  man¬ 
ner  as  falts  do  from  water,  and  are  then  become 
a  genuine  fait. 
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PART  II. 

On  animal  and  vegetable  Subjlances * 

LECTURE  VL 

BEING  now  to  enter  upon  the  particular 
procefles  of  chemiftrv,  it  is  proper  to 
begin  with  the  mo  ft  fimple. 

The  fubjedts  therefore,  I  intend  here  to  treat 
of,  are  to  be  inclofed  in  a  fuitable  veflel,  and 
expofed  to  the  gradual  adtion  of  fimple  heat 
only.  The  veflel,  in  which  thefe  fubjedts  are 
inclofed,  is  placed  in  an  open  Are ;  that,  before 
the  operation  is  over,  they  may  receive  a  great 
degree  of  heat. 

The  flrft  fubjedl,  we  fhall  conflder,  is  animal 
fubftances. 
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The  animal  fubftance  moft  wrought  upon  by 
thepraftical  chemifts  is  hartfhorn.  They  gene¬ 
rally  diftil  it  in  an  iron  pot,  with  a  head  fitted 
to  it,  to  receive  the  vapours,  and  convey  them 
into  the  receiver.  It  is  alfo  ufual  for  them  to 
place  a  glafs  veffel  between  the  head  of  the  ftill 
and  receiver,  to  give  the  vapour  (or  in  the 
language  of  chemifts,  the  fumes)  more  room 
to  expand  in  $  and  being  carried  by  this  means 
farther  from  the  fire,  they  alfo  condenfe  the 
fooner.  This  vefifel  they  call  an  adapter. 
When  very  large  quantities  are  diftilled  at 
once,  they  place  another  adapter,  made  of  tin, 
between  the  glafs  adapter  and  the  head  of  the 
pot.  For  a  fmall  quantity  of  horns  a  coated 
retort,  with  or  without  an  adapter,  will  fuffice* 

There  is  no  other  preparation  ufed  to  fit  this 
fubjedt  for  diftillation,  but  only  to  cut  the 
horns  fmall  enough  to  be  put  into  the  veflel, 
wherein  they  are  to  be  diftilled.  Nor  is  any 
thing  mixt  with  them.  The  fire  muft  begin 
flow  at  firft,  and  be  raifed  gradually,  left  the  * 
vapour  rifing  too  impetuoufly,  fliould  burft  the 
receiver. 

When  the  diftillation  is  finifhed,  that  is,  when 
with  the  greateft  degree  of  fire  no  more  fume  or 
vapour  will  afcend  ;  we  find  in  the  receiver 
three  different  fubftances :  a  fluid,  which  will 
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mix  with  water,  therefore  a  fpirit ;  another  fluid, 
which  will  not  mix  with  water,  and  will  burn, 
that  is  an  oil ;  alfo  a  dry  fubftance  diffolvible 
in  water,  therefore  a  fait.  There  remains  be¬ 
hind  a  black  coal,  fl ill  retaining  the  fhape  of 
the  horns.  This  coal,  preffed  ever  fo  long  in 
a  clofe  vefiel  with  the  mofl  intenfe  fire,  will 

r 

neither  lofe  its  blacknds,  nor  its  fhape.  But 
the  blacknefs  will  foon  be  deftroyed  by  a  free 
admiffion  of  the  air  to  it,  as  will  be  (hewn  in  a 
following  le&ure.  We  do  not  profecute  our 
operations  now  fo  far,  neither  on  this,  nor  on 
the  other  iubjects  of  the  prefent  lecture ;  be- 
caufe  we  here  intend  only  to  fhew  the  effects  of 
fimple  heat,  without  the  concurrence  of  any  fo¬ 
reign  affiftance. 

The  fpirit  and  fait  are  alkalis.  Accordingly 
they  turn  the  fyrup  of  violets  green.  They 
give  a  difagreeable  colour  to  all  red  fyrups 
alfo  ;  and  therefore,  when  they  are  ufed  in 
medical  prefcriptions,  care  fliould  be  taken 
not  to  add  any  fuch  fyrups,  where  this  fpirit  is 
an  ingredient. 

This  fpirit  and  fait  are  the  fame,  from  what¬ 
ever  animal  fubftance  they  are  diftilled  ;  whe¬ 
ther  from  harts-horns,  vipers,  or  any  other  •, 
alfo  all  the  animal  juices,  as  blood,  urine,  &c. 
afford  the  fame.  Thefe  fpirks  and  fa  Its  may 

H  feem 


A  COURSE  Part  II. 


98 

feem  to  differ  a  little,  when  firft  diftilled ;  be- 
caufe  from  fome  fubjects  they  come  more  im¬ 
pregnated  with  oil,  than  from  others  ;  but  in 
proportion  as  they  are  purified  by  the  method, 
we  fhall  defcribe  and  perform  at  our  next  meet¬ 
ing,  they  gradually  difcover  a  more  perfect  re- 
femblance. 

The  principles  hitherto  treated  of  are  found 
in  every  animal  fubftance,  whether  folid  or 
fluid  *,  but  there  are  fome  other  productions 
peculiar  to  milk  and  urine,  which  deferve  our 
notice. 

Milk  in  boiling  emits  a  watry  vapour, 
neither  of  an  acid  nor  alkaline  quality,  till 
fuch  times,  as  what  remains  grows  very 
thick,  and  acquires  a  great  fweetnefs.  Whence 
this  fweetnefs  takes  its  rife  will  be  {hewn  here- 
after. 

If  milk  {lands  any  time,  it  feparates  fponta- 
neoufly  into  two  parts,  one  of  which  is  watry, 
and  the  other  of  a  thicker  confidence :  they 
both  in  a  little  time  acquire  an  acidity.  But 
the  acidity  of  the  thicker  part  is  owing  altoge¬ 
ther  to  fome  of  the  watry  part  remaining  ftill 
with  it :  for  if  this  watry  part  is  well  beat  out, 
it  becomes  that  oily  fubftance  butter.  The 
watry  part  therefore  is  that  only,  which  turns 
four  or  add. 
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The  watry  vapour,  which  arifes  from  milk, 
will  alfo  by  time  grow  fourifh  ;  for  which  rea-* 
fon  the  ufe  of  milk  in  diftilled  vraters,  direded 
in  the  writings  of  phyficians,  is  with  us  wholly 
difcontinued. 

As  milk  is  a  fluid,  that  has  for  fome  time 
circulated  in  the  blood  vefiels  of  an  animal ;  fo 
it  begins  to  partake  of  the  nature  of  the  other 
animal  juices  :  for  though  by  Handing  it  be¬ 
comes  acid,  which  happens  not  to  any  other 
animal  juice  ;  yet  after  frefh  milk  has  been 
freed  by  boiling  or  a  gentle  diftillation  from 
its  watry  part ;  if  it  be  then  prefled  with  a 
ftronger  fire,  an  alkaline  fpirit  will  arife  from 
it ;  and  alfo  an  oil  refembling  the  oil  that  comes 
from  other  animal  fubftances. 

Milk  therefore  appears  to  be  reduced  by  the 
powers  of  digeftion  into  a  kind  of  middle  na¬ 
ture  between  animal  and  vegetable  fubftances  ; 
for  as  animal  fubftances  yield  upon  diftillation 
the  forementioned  alkaline  fpirit  and  fait ;  fo 
the  greateft  part  of  vegetables  afford  acid  prin¬ 
ciples,  as  we  fhall  fee  prefently. 

Hence  it  is,  that  milk  is  fo  very  ufeful  in 
hedical  fevers ;  for  milk  approaching  already 
fo  near  to  the  animal  nature,  is  eaflly  converted 
into  nourifhment,  and  at  the  fame  time,  by  its 
having  put  off,  as  it  were,  but  half  its  acid 
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quality,  it  is  fuited  to  cool  the  feverifh  heatr 
under  which  thefe  patients  labour. 

In  the  next  place,  from  urine  is  extracted 
that  furprizing  fubilance  called  from  its  perpe- 
tual  Alining  in  the  dark  phofphorus,  and  this 
jubilance  alfo  contains  an  acidity. 

If  urine  be  diililled,  while  frefh,  it  fends- 
forth  at  firil  a  watry  vapour  of  the  fmell  pecu¬ 
liar  to  urine.  Afterwards  with  a  flrong  Are  it 
yields  the  fame  fpirit,  fait  and  oil,  as  other  ani¬ 
mal  fu  bilances,  But,  if  the  urine  be  , putrid,, 
the  volatile  alkaline  fpirit  arifes  from  it  with* 
the  fir  ft  heat.  The  reafbn  of  this  change  in  the 
urine  by  putrefaclion,  we  ihall  difcufs,  when 
we  come  to  take  into  confideration  that  grand 
operation  in  the  ceconomy  of  nature. 

The  phofphorus  is  obtained  by  diilillation 
from  urine  piitrified*  by  the  force  of  a  very  ve¬ 
hement  and  long  continued  fire.  The  opera¬ 
tion  from  the  firil  invention  of  it  has  been  kept, 
as  a  fecret,  till  very  lately  in  the  Memoirs  of 
the  Academy  of  Sciences  at  Paris  the  procefs  is 
defcribed  at  large,  which  the  defcribers  afiure 
us  fticceeded  with  them  to  their  wiih.  The  late 
Mr.  Godfrey,  with  whom  this  fecret  remained, 
till  th^forementioned  publication  of  it,  informs 
us,  that,  if  a  quantity  of  the  faeces  alvinx  be 
digefied  along  with  the  urine*  a  much  larger 
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quantity  of  phofphorus  will  be  obtained,  than 
from  urine  alone  :  alio  that  the  phofphorus  can¬ 
not  be  obtained  from  any  fubftance,  but  what 
has  undergone  digeftion  in  an  animal  body. 

The  phofphorus  melts,  while  under  water, 
with  a  fmall  heat,  and  by  that  means  may  be 
formed  into  any  fhape.  If  taken  out  of  the 
water  in  the  night,  or  in  a  dark  room,  it  fliines 
vividly,  and  a  very  fmall  degree  of  heat  fets  it 
on  hre.  But  it  will  not  even  fhine,  if  covered 
from  the  air.  While  it  (hines  in  the  air,  it 
wades  in  fume*,  but  in  water,  or  in  fpirit  of 
wine,  it  is  preferved  without  diminution.  No 
degree  of  heat  will  fire  it  under  water,  but  if  it 
be  laid,  when  on  fire,  upon  water,  the  fierce- 
iiefs  of  its  flame  will  keep  it  up  from  finking  ;  fo 
that  it  will  continue  burning  upon  it,  notwith¬ 
standing  it  is  twice  the  weight  of  water.  After 
the  flame  of  the  phofphorus  is  extinguished,  tne 
remains  fhew  manifest  fig n-s  of  acidity  *,  the  like 
are  found,  when  a  piece  of  the  phofphorus  has 
been  left  open  to  the  air  to  fume  away.  The 
fume  condenfes  into  a  very  acid  liquor.  If,  a 
piece  of  phofphorus  being  fet  on  fire,  a  large 
glafs  be  whelmed  over  it,  white  flowers  will 
fettle  round  the  glafs,  which  are  very  acid,  and 
expofed  to  the  air  will  at  trad:  a  great  quantity 
of  humidity. 
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This  fubftance  is  of  no  ufe  in  medicine. 
However  it  cannot  but  engage  the  attention  of 
all,  who  have  any  philofophical  curiofity,  by  its 
furprizing  properties. 

( Here  the  experiments  with  the  phofphorus.) 

Thus  we  have  found  in  two  animal  fubftances, 
the  milk  and  urine,  an  acid  part,  which  is  not 
to  be  found  in  any  other,  except  perhaps  in  an 
exceeding  minute  quantity.  To  difcover  whence 
the  acid,  here  found,  is  to  be  derived,  we  mud: 
proceed  to  the  other  fubjedts  of  this  lcdture, 
which  are  vegetables. 

Some  of  thefe  produce  upon  diftillation  the 
fame  principles,  as  are  afforded  by  animal  fub¬ 
ftances.  Of  this  kind  are  muflard-feed,  horfe- 
radifh,  fcurvy-grafs,  and  all  the  plants,  that 
have  a  fharp  pungent  fmell  and  tafte*  alfo  fome 
others,  as  fponge  and  opium. 

Theanalyfis  of  thefe  plants,  is  but  a  late  dif- 
covery  in  chemifiry.  Mr.  Boyle  is  the  drft,  who 
mentions  it. 

Any  of  thefe  vegetable  fubftances  diftilled  in 
the  fame  manner,  as  defcribed  before,  after  fend¬ 
ing  out  a  fetid  water,  yield  a  volatile  alkaline 
fpirit  and  fait,  together  with  a  black  fetid  oil ; 
leaving  behind  a  black  coal  retaining  fbiil  the 
ftiape  of  the  vegetable,  and  not  to  be  burnt  to 
afhes  without  a  free  accefs  of  the  air. 
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But  the  greateft  part  of  plants  exhibit  pro¬ 
ductions  of  another  kind. 

Befides  a  water,  that  firft  comes  over,  we  find 
here  a  fpirit,  without  any  fait,  and  alfo  a  fetid 
oil  fo  ponderous,  as  to  fink  in  the  fpirit.  The 
fpirit  here  produced  is  an  acid  one. 

There  remains  behind  a  black  coal,  which 
always  continues  the  fame,  how  long  foever  it 
be  prefled  by  the  fire  in  a  clofe  veflel.  And  here 
the  parts  of  the  vegetable  ftill  hang  together,  as 
in  the  other  fubjeCts. 

Charcoal  is  only  this  coal  made  from  wood 
by  a  compendious  manner  of  diftillation.  The 
wood  is  piled  up  endwife  round  a  kind  of  funnel 
formed  with  flicks  laid  acrofs  each  other,  and 
then  is  covered  clofe  over  with  earth,  with  only 
fmall  vents,  that  when  the  wood  is  fet  on  fire, 
which  is  done  by  throwing  fome  kindled  coals 
into  the  forementioned  funnel,  it  may  burn  as 
flowly  as  poflible,  till  all  the  volatile  parts  are 
expelled,  and  the  wood  is  reduced  to  this  coal. 
Then  the  fire  is  quite  extinguifhed  by  clofing 
up  the  vents. 

In  the  open  air  this  coal,  once  fet  on  fire,  foon 
burns  to  afhes,  which,  contrary  to  the  allies  of 
both  the  former  fubjeCls,  contain  a  fait,  as  will 
be  fhewn  hereafter. 
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The  farther  examination  of  the  coal  remain¬ 
ing  in  all  our  prefent  fubjedts  muft  be  poftpon- 
ed,  till  we  come  to  confider  the  effects  of  actual 
burning.  But  firft  v/e  muff  examine  a  little 
farther  the  feveral  fubftances,  that  have  rifen 
from  our  fubjedts.  As  thefe  are  expelled  from 
a  fubjedt,  wherein  they  all  adhered  united  toge¬ 
ther,  fo  now  they  are  not  yet  perfedtly  feparat- 
ed  ;  but  each  fubftance  is  left  impure  by  a  fmall 
mixture  with  the  others. 

The  farther  purification  of  thefe  we  flial!  refer 
to  the  next  ledture. 

But  here  it  is  farther  requiffte  to  take  notice 
of  one  other  fubftance,  that  arifes  from  all  the 
fubjedts  of  this  ledture  in  diftillation  ;  which  is 
an  aerial  vapour,  that  requires  a  particular  arti¬ 
fice  to  collect  it  ;  in  the  method  of  dutillation 
above  ddcribed  it  is  neceffary,  that  the  luting 
of  the  veffeis  inay  be  fo  applied,  as  to  permit 
this  vapour  to  efcape  ;  otherwife  the  receivers 
will  be  blown  off,  or  bur  ft:. 

This  vapour  may  be  colledled  by  the  means 
of  a  retort  having  a  long  neck  fo  bent,  that  it 
may  open  under  a  glafs,  inverted  into  water,  the 
glafs  itfelf  being  alfo  full  of  water.  Then  as 
foon  as  the  retort  grows  warm,  the  air  included 
within  it  will  expand,  and  pafflng  through  the 

pipe 


Lect.  6.  OF  CHEMISTRY.  105 

pipe  will  rife  up,  and  place  itfelf  in  the  top  of 
the  inverted  glais  j  and  when  the  vapour  iflbes 
from  the  fubjedt  diddling,  it  will  follow  the 
fame  courfe,  and  expel  out  of  the  glafs  as  much 
water  as  is  requifue  to  make  room  for  itfelf. 
After  the  diftillation  is  over,  this  glafs  will  have 
received  all  the  aerial  vapour  produced  from 
the  fubjedl,  and  alfo  fo  much  of  the  air  contain¬ 
ed  originally  in  the  retort,  as  has  been  expelled 
out  of  it  by  its  expanfion.  What  this  is  may  be 
difcovered  by  expofing  the  retort  empty  to  the 
fame  heat,  and  will  never  amount  to  four-fifths 
of  the  whole  air  of  the  retort  by  the  greated 
heat,  that  can  be  ufed.  And  thus  may  be 
known  the  quantity  of  aerial  vapour,  that  is 
produced  from  any  fubjedt. 
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LECTURE  VIL 


IN  my  laft  ledure  I  began  to  deferibe  the  ef¬ 
fects  of  fimple  heat  on  animal  and  vegetable 
fubflances  ;  that  heat  will  divide  and  feparate 
them  into  different  parts.  But  as  thefe  do  not  at 
fsrft  come  from  the  fubjed  abfolutely  difentangled 
from  each  other,  1  fhall  now  fhew,  how,  by  the 
the  farther  application  of  heat  only,  a  more  per- 
fed  feparation  may  be  made. 

To  begin  with  the  fpirit,  which  in  all  thefe 
fubjeds  is  of  a  deep  colour.  This  is  owing  to 
a  fmail  portion  of  oil  ftill  remaining  in  it.  When 
this  is  feparated,  the  fpirit  will  be  tranfparent 
and  colourlefs  like  water. 

The  fait  alfo  found  in  any  of  thefe  proceffes 
is  foul  with  oil  j  and  is  tinged  by  it  of  a  brown 
colour  *,  when  pure,  it  is  perfedly  white.  I 
fhall  now  therefore  fhew,  how  thefe  fpirits  and 
falts  are  to  be  purified. 

This  may  be  accomplifhed  only  by  diftilling 
them  over  again  with  a  gentle  heat ;  for  thus 
the  oil  will  either  be  left  behind,  or  fwim  upon 
the  fpirit  difentangled  from  it.  One  operation 
will  not  complete  the  work  ;  perhaps  all  the  oil 
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can  never  be  perfedly  feparated  by  this  means, 
but  by  repeated  diftillations  it  may  be  fo  far 
diminished  as  not  to  be  perceivable. 

In  thefe  redlifications  the  heat  of  fand  is 
commonly  ufed,  an  open  fire  not  being  eafy 
to  regulate  for  fo  fmall  a  heat,  as  is  here  re¬ 
quired. 

The  fpirit  and  fait  of  hartfhorn  are  excellent 
medicines  j  thefe  therefore  fhould  be  purified 
with  much  care.  They  may  be  mixt  together, 
and  diftilled  either  in  a  glafs  body,  or  a  retort, 
with  the  gentleft  heat  polfible.  The  rectified 
fpirit  will  Row  into  the  receiver,  and  fo  much 
of  the  lalt,  as  the  fpirit  will  not  imbibe,  fettles 
in  a  dry  form  in  the  head  of  the  body,  or  on  the 
upper  part  of  the  receiver,  when  a  retort  is  ufeda 
Some  fait  is  commonly  wafiied  down,  and  lies 
under  the  fpirit  undiflfolved. 

Since  a  large  quantity  of  oil  comes  from  the 
hartfhorn  along  with  the  fpirit ;  this  mu  ft  be  fe¬ 
parated  from  the  fpirit,  before  that  is  fet  to  rec¬ 
tify  :  otherwife  by  fwimming  uppermoft  it  will 
prevent  the  fpirit  and  fait  from  rifing. 

The  fpirit  and  oil  are  feparated  by  pouring 
them  both  together  into  a  common  funnel,  firft 
flopping  the  bottom  of  it  with  the  finger.  The 
oil  will  foon  rife  and  fvvim  upon  the  top  of  the 
fpirit.  Then  the  finger  being  removed  the  fpirit 

will 
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will  fir  ft  run  out ;  and  by  timely  replacing 
the  finger,  the  oil  mu  ft  be  prevented  from  fol¬ 
lowing* 

This  is  the  general  method  for  feparating  oil 
and  watry  liquors.  If  the  materials  are  coftly, 
a  funnel  of  another  fhape  is  to  be  ufed.  The 
body  of  this  funnel  is  of  a  globular  figure,  with 
a  fmall  opening  only  at  the  top,  which  after  the 
liquors  are  poured  in,  is  to  be  ftopt  with  the 
thumb  or  a  cork.  This  opening  being  do  fed 
nothing  will  run  out,  though  the  bottom  be  un- 
ftopt.  But  when  the  liquors  are  feparated,  by 
opening  the  ciofure  at  top  the'  undermoft  liquor 
m ay  be  let  out;  and,  when  that  is  all  gone, 
the  other  prevented  from  following  by  doling 
the  upper  orifice  again. 

When  the  fpirit  of  the  prefent  procefs  is  mixt 
but  with  a  fmall  quantity  of  oil,  it  is  beft  to  ufe 
the  feparating  funnel  now  deicribed,  which  will 
preferve  the  fpirit  from  evaporating,  while  the 
oil  is  rifing.  When  there  is  a  large  quantity  of 
oil,  it  will  foon  cover  over  the  furface  of  the  fpi¬ 
rit,  that  no  wafte  by  evaporation  will  happen  in 
the  common  funnel. 

In  both  funnels  the  feparation  will  be  quick¬ 
ened  by  having  the  funnel  a  little  warm,  and 
the  mild  heat  of  warm  water  is  the  fitted  to 
warm  the  funnel  with.  But  the  warming  of 
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the  funnel  is  mod  neceftary,  when  the  oil  is 
coftly.  In  this  cafe,  the  liquors  being  put  into 
the  feparating  funnel  above  defcribed,  it  is  very 
convenient  to  let  the  funnel  in  warm  water,  till 
the  oil  is  rifen. 

( Here  exemplify  the  feparation  of  oil  and  water 
by  bah  funnels.) 

But  to  return  to  our  procefs,  the  fpirit  and 
fait  of  the  hartfhorn  require  more  than  one  rec¬ 
tification,  as  has  been  faid,  to  render  them 
pure.  By  repeated  operations,  the  fpirit  will 
become  as  clear  as  rock- water,  and  the  fait  per¬ 
fectly  white.  However  the  oil  adheres  fo  tena- 
cioufiy,  that  they  are  fcarce  to  be  totally  freed. 
And  though  you  reCtify  the  fpirit,  till  it  appears 
ever  fo  clear,  or  the  fait,  till  it  is  as  white  as 
polfible,  yet  in  time  they  will  contraCl  a  yellow 
hue,  a  fure  token,  that  they  are  ftill  charged 
with  oil,  which  at  fir  ft  was  fo  divided  and 
fpread  through  the  fait  and  fpirit,  as  to  be 
kvvifible,.  but  at  length  gathers  together  and 
appears. 

Thefe  fpirits  and  fairs  are  much  more  agree¬ 
able  to  the  ftomach,  when  wholly  free  from 
their  yellownefs.  Therefore,  when  they  have 
changed  colour,  they  ought  to  be  reClified 
again,  to  fit  them  for  life.  This  is  too  little 
pra&ifed,  though  thefe  medicines  would  hereby 
6  be 
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be  greatly  improved :  when  the  oil  is  got  toge¬ 
ther  in  fuch  a  body  as  to  be  vifible,  it  will 
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then  alfo  become  fenfible  to  the  ftomach,  and 
often  caufes  patients,  whole  ftomachs  are 
weak,  to  complain  upon  taking  thefe  medi¬ 
cines. 

It  required  a  ftrong  fire  to  feparate  this 
fait  fir  ft  from  the  fubjedt,  but  now  it  is  once 
feparated,  it  is  fo  exceeding  volatile,  that  it 
mu  ft  be  kept  in  a  very  clofe  vial,  or  its  moft 
fubtile  parts  will  fly  away  into  the  air. 

This  great  volatility  of  the  fait  gives  the  fpirit 
an  advantage  in  medical  prefcriptions  ;  for 
fhould  the  fait  be  mixed  with  any  powder,  or 
even  bolus,  it  would  foon  fly  away,  and  leave 
the  medicine  deftitute  of  any  virtue  to  be  ex¬ 
pected  from  the  fait :  whereas,  when  the  fpirit 
is  added  to  a  draught,  or  the  like  liquid  pre- 
fcription,  the  fpirit  is  eaflly  confined  by  clofe 
flopping  the  vial,  wherein  the  medicine  is  con¬ 
tained.  It  is  true  indeed,  that  the  fait  may 
with  the  fame  advantage  be  preferved  by  dif- 
folving  it  in  a  liquor ;  but  the  fpirit,  being  al¬ 
ready  a  fluid,  will  more  readily  unite  with  the 
liquor,  than  the  dry  fait. 

Every  time  this  fpirit  is  rectified,  it  becomes 
more  and  more  impregnated  with  fait,  part  of 
the  water  being  being  left  behind  every  time 
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with  the  oil.  At  length  it  will  be  fo  much 
charged  with  fait,  that  it  will  fhoot,  and  fome- 
times  even  coagulate  in  the  cold. 

(Here  Jhew  feme  fpirit  and  fait  of  hartfhorn 
completely  refined.) 

When  this  fpirit  rifes  very  pure ;  after  the 
fpirit  will  follow  a  water  not  difcoloured  with 
the  oil,  but  fcarce  to  be  diftinguifhed  from 
common  water. 

Alfo  from  the  fpirit  upon  every  redtifi cation 
a  quantity  of  dry  fait  will  feparate.  Whence 
we  learn,  that  the  fpirit  is  only  water  impreg¬ 
nated  with  this  fait :  accordingly,  if  this  fait  be 
diffolved  in  water  and  diftilled,  it  produces  the 
fame  fpirit. 

Thus  we  fee,  that  this  alkaline  fpirit  is  water 
impregnated  with  a  particular  fubftance,  to 
which  it  owes  its  alkaline  quality. 

What  has  been  faid  of  the  fpirit  and  fait  of 
hartfhorn,  may  be  equally  applied  to  the  fpirit 
and  fait  of  thofe  plants,  which  produce  the 
fame  with  animal  fubftances. 

If  the  acid  fpirit  produced  from  other  plants 
be  poured  on  chalk  or  coral,  it  boils  up  with  it, 
and  being  diftilled  from  it,  comes  over  a  watry 
fluid  free  from  its  acidity.  That,  which  made  it 
acid,  it  has  left  behind  in  the  chalk  or  coral. 

(Here 
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(Here  Jhew  this  fermentation.) 

It  is  remarkable,  how  inconfiderable  a  pof^ 
~tion  of  matter  contributes  towards  this  acidity  : 
for  the  weight  of  the  liquor,  by  what  it  has 
left  behind  in  the  chalk,  is  fcarce  fenfibly  dimi- 
nifhed.  But  this  now  left  in  the  chalk  or 
coral  is  alone  the  acid  principle  *,  all  the  reft  of 
the  liquor  is  no  more  than  a  fluid,  wherein  it 
fwims.  Why  chalk  or  coral  imbibes  the  acid 
from  the  fluid,  it  fwsm  in,  is  not  neceffary  here 
to  inquire.  It  anfwers  the  prefent  purpofe,  that 
we  have  a  material  capable  of  extrafting  this 
acid  from  the  fluid*  Mr.  Boyle,  who  is  the 
firft,  that  put  thefe  acid  fpirits  to  this  examina¬ 
tion,  obferves,  that,  when  the  acid  fpirit  is  di* 
ftilled  alone  with  a  very  gentle  heat,  what  rifes 
at  firft  will  have  little  acidity  ;  but  be  almoft 
the  fame,  with  what  is  produced  by  the  help  of 
chalk  or  coral,  which  laft  was  the  medium  he 
ufed.  Herein  this  acid  fpirit  differs  from  the 
alkaline  fpirit  of  the  preceding  fubjedts  :  for 
the  firft,  that  rifes  from  that  fpirit,  is  the  ftrong- 
eft;  but  here  it  is  the  weakeft. 

Though  this  fpirit  may  be  thus  deprived  of  its 
acidity  *,  yet  it  ftill  retains  properties,  that  di- 
ftinguifh  it  fufficiently  from  fimple  water.  Mr. 
Boyle  therefore  calls  this  the  neutral  fpirit  of 
the  fubjedh 
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The  oils  of  our  fubje$s  are  next  to  be  confi- 
dered.  Thefe  are  more  compounded  fubftances 
than  the  fpirits.  We  have  fliewn  the  fpirits  to 
be  divifible  by  diftillation  into  water  and  an¬ 
other  fubftance,  to  which  they  owe  the  proper¬ 
ties,  that  give  them  the  denomination  of  fpirits. 
The  oils  upon  diftillation  fend  out  into  the  re¬ 
ceiver  a  quantity  of  oil  in  all  refpeCts  like  that 
diftilied,  except  only,  that  it  is  more  tranfpa- 
rent  and  lighter  ;  and  with  the  oil  in  this  recti¬ 
fication  comes  over,  during  the  whole  time,  a 
portion  of  fpirit*  fimilar  to  that  yielded  by  the 
fubjeCt,  whence  the  oil  was  drawn.  It  is  to 
be  obferved,  that  this  fpirit  does  not  come 
out  of  the  oil  with  the  firft  heat,  before  the  oil 
rifes ;  but  oil  and  this  fpirit  come  together 
to  the  very  end  of  the  diftillation.  After  the 
diftillation  is  finifned,  a  dry  black  coal  is  left 
behind. 

If  the  oil  brought  into  the  receiver  be  diftilied 
again,  it  divides  as  before.  This  perpetually 
fucceeds  in  like  manner,  how  often  foever  the 
diftillation  is  repeated  ;  excepting  that  the 
fpirit  approaches  nearer  to  Ample  water.  The 
oil  therefore  is  divifible  into  a  black  coal,  and 
water,  t  in&ured  at  firft  with  the  fpirit  of  the 
fubject,  whence  the  oil  is  drawn.  Thefe  will 
not  mix  together  again,  and  recompofe  the  oil : 

I  the 


114  A  COURSE  Part  IT 

the  reafon  of  this  is,  -hat  befides  thefe  two  vifi- 
ble  fubftances  there  ?|  another,  which  flies  off7 
continually  in  an  invifible  vapour,  whofe  aflift- 
ance  is  necefiary  to  the  compofition  of  the  oil. 
How  to  meafure  the  quantity  of  this  vapour, 
and  make  fome  difcovery  of  its  properties,  will 
be  fliewn  hereafter. 

A  thick  balfamic  juice  naturally  runs  from 
many  plants,  fuch  as  fir,  yew,  box,  and  the 
like.  All  the  evergreens  abound  with  thefe 
balfams,  by  which  they  are  defended  from  the 
winter’s  cold.  Thefe  are  ufually  diftilled  with 
a  lefs  degree  of  heat,  and  in  diftillation  divide 
juft  as  the  oils  do. 

This  is  largely  pradtifed  in  turpentine.  It 
may  be  diftilled  in  a  retort,  if  it  be  firft  made  a 
little  warm,  that  it  may  be  poured  through  a 
funnel  into  the  retort  without  foiling  the  neck. 
This  retort  may  com  mod  iou  fly  be  fet  in  fand, 
and  a  fmall  fire  applied  at  firft,  and  increafed 
gradually  afterwards.  At  the  end  of  the  opera¬ 
tion,  will  be  found  in  the  receiver  a  quantity  of 
oil  and  an  acid  fpirit.  If  the  operation  be  ftopt, 
before  the  turpentine  is  dried  to  a  coal,  a  tranf- 
parent  fubftance  remains,  brittle  when  cold, 
though  melted  with  a  fmall  heat.  This  is  called 
colophony  or  black  rofin.  The  oil,  that  firft 
diftils  over,  is  finer,  than  what  follows :  and 

by 
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by  rediftilling  the  oil,  it  may  be  obtained  yet 
finer.  This  oil,  when  brought  to  a  great  de¬ 
gree  of  finenefs,  is  called  the  etherial  oil  of  tur¬ 
pentine,  and  often,  though  improperly.,  the 
fpirit  of  turpentine. 

The  thick  fubtlance  remaining,  after  diflil- 
ling  from  the  oil  its  fine  ethereal  part,  is  called 
the  balfam  of  turpentine. 

The  finer  part  of  the  oil  will  rife  from  the 
turpentine  with  the  heat  of  boiling  water  and 
lefs ;  thofe  therefore,  who  diflil  great  quan¬ 
tities  of  turpentine  to  obtain  the  fine  oil,  di¬ 
flil  it  in  a  copper  flill  with  water,  after  this 
manner. 

The  turpentine  being  put  into  the  flill  with  a 
large  quantity  of  water,  the  water  is  made  to 
boil,  and  the  vapour  is  condenfed  by  palling 
through  a  worm-pipe  cncompaffed  with  cold 
water,  after  the  manner  I  formerly  defcribed, 
when  I  fpoke  of  chemical  veffels.  The  oil 
comes  over  with  the  vapour,  and  is  feparated 
in  the  diflillation  by  a  glafs  of  a  particular  con¬ 
trivance  called  a  feparating-glafs,  the  form  of 
which,  and  its  manner  of  working  we  fhall  by 
and  by  fee. 

What  is  left  of  the  turpentine,  when  all  is 
drawn  from  it,  which  the  heat  of  boiling  water 
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will  raife,  is,  when  cold,  of  a  brittle  confidence. 
This  is  yellow  rofin. 

Turpentine  didils  from  the  tree  while  grow¬ 
ing,  from  wounds  made  in  it  for  that  purpofe. 
While  the  tree  is  burnt,  a  coarfer  juice  runs 
from  it.  This  is  tar. 

The  method  ufed  for  making  tar  is  this. 
They  make  a  floor  with  clay,  or  the  like  ftiff 
earth,  with  a  little  declivity  toward  one  part. 
Upon  this  they  heap  a  pile  of  wood,  and  cover 
it  with  earth,  as  in  making  charcoal ;  leaving  a 
fmall  vent  only,  that  the  wood  may  burnflowly. 
During  the  wood’s  burning,  the  tar  runs  away3 
directed  by  the  declivity  of  the  bottom. 

In  the  latter  part  of  the  operation,  the  tar  be¬ 
comes  coarfer  than  at  fird.  This  they  convert 
into  pitch  in  this  manner.  It  runs  into  its  re¬ 
ceptacle  fo  warm,  that  by  the  application  of  a 
live  coal  it  will  take  fire.  They  fet  it  thus  on 
fire,  and  fuffer  it  to  burn,  till  it  is  brought  to  a 
confidence,  which  will  harden,  when  cold. 
Pitch  is  alfo  made  by  boiling  tar  to  a  jud  con¬ 
fidence. 

The  fine  oil  of  turpentine  is  not  the  only  one, 
for  obtaining  which  boiling  water  is  employed. 

It  is  to  be  obferved,  that  there  are  in  plants 
two  kinds  of  oil.  One  enters  the  compofition 
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of  the  folid  parts ;  another  is  lodged  in  certain 
veficles  or  cells  fitted  for  its  reception,  after  the 
manner  as  the  fat  of  animals  is  collected  within 
the  cells  of  the  membrana  adipofa  :  and  there 
are  methods  of  feparating  this  latter  oil,  without 
any  mixture  of  the  former. 

Some  of  thefe  oils  will  rife  with  the  heat  of 
boiling  water.  In  this  cafe  the  plant  is  put 
into  a  copper  fhill  with  water,  and  the  oil  di- 
ftilled  from  it  in  the  fame  manner  as  in  tur¬ 
pentine. 

Thefe  oils,  partaking  much  of  the  flavour 
and  fenfible  qualities  of  the  plant,  are  called 
the  effential  oils  of  the  plants,  whence  they  are 
drawn. 

They  agree  in  their  medicinal  virtues  more 
with  the  plant,  they  come  from,  than  any  other 
chemical  production  does  with  the  fubjedt, 
from  which  it  is  extracted.  Indeed  as  they  are 
drawn  with  a  fmall  degree  of  heat,  fo  they  exift 
in  the  plant  almofl,  if  not  quite  in  the  fame 
form,  as  that  they  came  over  in. 

The  greateft  part  of  thefe  oils  are  lighter 
than  water  *  but  that  is  not  the  caufe  of  their 
rifing  with  fo  fmall  a  heat  ♦,  for  fome  of  thefe, 
fuch  as  the  oils  thus  diflilled  from  many  fpices, 
are  heavier  than  water  ;  but  the  volatility  of 
thefe  oils  is  owing  to  the  fubtle  fpirit  lodged 
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in  them ;  for  all  thefe  oils  have  a  pungent 
fmell. 

The  oils  of  other  plants,  where  this  volatile 
fpirit  is  wanting,  though  they  are  much  lighter 
than  water,  will  not  be  thus  feparated.  But 
thefe  are  obtained  by  p  re  fling  the  fubjedt  be¬ 
tween  two  iron  plates.  If  the  plates  be  a  little 
warmed,  more  oil  will  be  extracted  ;  but,  if 
they  have  given  to  them  any  confiderable  heat, 
the  oil  expreffed  will  foon  turn  rancid.  This  is 
the  reafon,  that  phyficians  always  prefcribe  thefe 
oils  fine  igne  exprejfa.  The  fafeft  method  to  li¬ 
quify  the  oil,  and  facilitate  its  flowing  from  the 
fubjedt:,  is  to  foke  the  fubjedt  a  little  while  in 
warm  water. 

The  feeds  of  plants,  that  abound  with  oil,  are 
the  only  proper  fubjedls  for  this  operation. 

In  diddling  the  eflential  oils  as  before  de- 
fcribed,-the  vapour,  which  brings  over  the  oil, 
is  alfo  in  fome  meafure  impregnated  with  it,  and 
therefore  the  water  itfelf  appears  of  a  milky  hue, 
and  partakes  of  the  fmell  and  take  of  the  oil. 
We  have  aliened  of  oils,  that  they  do  not  mix 
with  water.  But  here  the  fubtile  fpirit,  which 
renders  thefe  oils  volatile,  communicates  itfelf 
largely  to  the  water,  and  retains  with  it  a  fmali 
portion  of  the  oil.  For  this  reafon,  in  diddling 
thefe  oils,  it  is  mod  profitable  to  make  ufe  of 
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the  water  before  employed  in  diftilling  the  fame 
fort  of  oil,  for  this  water  being  already  impreg¬ 
nated,  will  imbibe  much  lefs  of  the  oil,  than 
.frefh  water  would  do.  It  is  alfo  advantageous 
to  fet  the  fubjedt,  to  be  diftilled,  to  macerate 
fome  time  in  the  water  kept  warm,  before  it  is 
drawn  off;  for  by  this  means  the  fubjedt  is 
foftened,  and  will  part  with  more  oil  than  other- 
wife  it  would  do.  The  diftillation  may  be  fo 
long  continued,  till  the  water  fhall  come  off 
acid  ;  the  moment  this  is  perceived,  the  opera¬ 
tion  muft  be  ftopt;  for  this  acid  will  not  only 
prejudice  the  flavour  of  the  oil,  and  of  the 
preceding  water  ;  but  may  chance  in  its  pafiage 
to  corrode  the  copper  alembic,  and  give  them 
an  emetic  quality. 

There  is  another  method  of  obtaining  from 
plants  a  water  endued  with  the  flavour  of  their 
oil.  This  is  not  now  much  in  Life ;  but  it  is 
performed  by  the  cold  (till  defcribed  in  a  pre¬ 
ceding  lecture.  In  this  method  frefh  plants  are 
diftilled  without  any  additional  water.  But 
here  the  watry  part  of  the  plant  is  caufed  to 
afeend,  impregnated  with  the  flavour  of  the 
oil.  This  procefs  of  preparing  diftilled  waters 
being  very  tedious  is  much  out  of  ufe. 

It  is  neceflary  for  phyficians  to  know  dif- 
tindtly,  what  plants  impregnate  the  watry 
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vapour  with  their  virtues,  and  what  do  not. 
The  ignorance  of  this  has  occafioned  great  ab- 
furdities  in  medical  prefcriptions.  The  only 
plants,  whofe  diflilled  waters  are  of  any  effica¬ 
cy,  are  thofe,  from  whence  an  effential  oil  may 
be  ext  rafted  by  diflillation  with  water,-  In  other 
plants  the  diflilled  water  differs  little,  from 
what  comes. immediately  out  of  a  pump,  or  a 
river. 

In  like  manner,  when  any  animal  fubftance  is 
boiled  in  water,  the  vapour,  when  collefted, 
differs  in  nothing  from  pure  water,  but  in  the 
fmell,  which  is  like  that,  we  have  in  broth-  If 
the  boiling  be  long  continued,  this  fmell  be¬ 
comes  fetid.  But  the  water  has  acquired  nei¬ 
ther  colour  nor  tafte.  This  fhews  the  mil- 
take  of  thofe,  who  have  expefted  great  me¬ 
dicinal  virtues  in  waters' diflilled  off  from  animal 
fubilances. 

As  feme  of  the  oils  of  vegetables  are  volatile 
in  the  manner  now  deferibed  ;  fo  alfo  are  fome 
refins  from  the  fame  caufe.  From  the  gum 
called  benjamin  fublimes  with  a  fmall  heat  a 
volatile  refmous  part  in  the  form  of  white 
flowers,  Camphire,  as  brought  to  us  from  the 
Eail,  is  wholly  volatile,  except  what  feculen- 
cies  may  remain  in  it.  With  a  very  fmall  heat 
|t  may  be  fublimed  into  flowers  j  and  by  the  ufe 
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of  a  vefiel  before  defcribed,  called  an  infernal 
glafs,  a  greater  heat  may  be  ufed,  fo  that  the 
camphire  fhall  fix  on  the  upper  part  of  the  glafs 
in  the  confidence  of  a  folid  cake  ;  and  this  is  the 
way,  wherein  camphire  is  fublimed  to  purify  it 
for  fale. 

We  have  thus  now  gone  through  the  analyti¬ 
cal  proceffes  ufually  performed  by  chemifts  on 
animal  and  vegetable  fubftances  by  fimple  heat 
only. 
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LECTURE  VIIL 

HITHERTO  I  have  confidered  no  other 
ufe  of  the  fire  than  by  heating  the  fubjeds 
under  examination  in  a  clofe  veffel,  by  which 
the  effects  of  pure  and  fimple  heat  upon  thefe 
fubftances  are  feen. 

As  heat  dilates  and  ratifies  all  bodies  what¬ 
ever  ;  fo  thefe  being  heterogeneous,  do  not  ex¬ 
pand  uniformly,  and  the  different  fubftances,  of 
which  they  are  compounded,  being  fome  more 
freely  rarifiable  than  others,  are  gradually  fepa- 
rated  from  each  other.  A  great  part  of  the  moft 
folid  of  thefe  fubjeds  appear  under  a  fluid  form, 
when  feparated  from  the  reft.  We  find  com¬ 
mon  water  to  be  the  bafts  of  thefe  fluids.  The 
fpirits  are  only  water  impregnated  with  fome 
adive  principle,  and  the  oils  divide  into  water 
dndured  with  the  fpirit  of  the  fubjed,  whence 
the  oil  was  drawn,  and  into  a  dry  earthy  part. 
The  folid  parts,  into  which  thefe  fubjeds  di¬ 
vide,  are  of  two  kinds  •,  one  that  will  unite 
with  water,  another  that  will  not. 

In  this  analyfis  of  thefe  fubjeds  we  are  to  con- 
fiderthe  heat  as  producing  no  other  change  in  the 

bodies. 
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bodies,  than  making  a  reparation  of  parts  be¬ 
fore  united.  If  it  be  afked,  why  then  cannot 
we  reunite  them  again  ?  I  anfwer,  not  only  that 
the  texture  of  thefe  organical  bodies  is  injured 
by  this  reparation  of  their  parts ;  but  alio,  that, 
as  befides  the  vifible  parts  into  which  the  body 
is  divided,  there  is  aifo  another,  that  goes  off 
in  vapour,  in  this  is  carried  away  the  vinculum* 
which  held  the  parts  together.  What  this  vin¬ 
culum  is,  and  what  its  powers  of  a&ion  are,  will 
gradually  be  made  appear,  in  the  courfe  of  thefe 
experiments. 

All  the  fubje&s,  I  have  treated  of  in  my  two 
preceding  lectures,  yield  this  vapour  fo  plenti¬ 
fully,  that  in  diftilling  them,  were  the  jun&ures 
of  the  veffels  to  be  abfolutely  clofed,  the  veffels 
could  not  efcape  being  broke. 

The  confideration  of  this  aerial  vapour  is  a 
new  thing  in  chemiftry.  The  diligent  author  of 
the  Vegetable  Statics  has  made  many  well-chofen 
experiments  concerning  this  matter.  Before 
him  the  fubjecl  had  been  but  very  fuperficially 
examined  ;  though  it  is  very  worthy  our  atten¬ 
tion  *,  for  by  the  affiflance  of  fome  experiments 
to  be  propofed  hereafter,  it  will  give  us  no 
fmall  light  toward  difcovering  the  nature  of  the 
air  we  breathe. 
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This  vapour  expands  by  heat,  and  contra6ta 
by  cold,  as  the  natural  air  does.  It  has  the 
fame  fpecific  gravity,  and  the  fame  degree  of 
eladicity,  whereby  it  refills  compreffion. 

The  quantity  of  this  air,  which  arifes  from 
the  fubdances  diddled,  is  very  remarkable. 
From  hartfhorn  there  arifes  one-feventh  of  its 
weight  in  air  ^  which  comes  with  the  white 
fumes,  and  continues  to  iflue  forth  to  the  end 
of  the  didillation. 

From  folid  oak  is  to  be  raifed  one-fourth  of 
its  weight  of  air,  and  from  other  vegetable  fub- 
fiances,  it  arifes  in  greater  proportion.  From 
tartar  is  to  be  obtained  in  air  one-third  of  its 

weight. 

Oils  upon  didillation  afford  plenty  of  this  air. 
It  is  remarkable  in  the  didillation  of  oils,  that 
the  water  or  fpirit,  which  we  have  already 
fhewn  to  feparate  from  them,  does  not  rife  ling- 
ly,  and  come  all  of  it  in  one  part  of  the  didil- 
lation,  but  during  the  whole  didillation  oil  and 
this  water  rife  together  •,  at  the  fame  time  air 
difengages  itfelf  from  the  oil.  By  this  it  fhould 
feem,  that  this  air  contains  in  it  not  only  the 
indrument  by  which  this  water  and  the  earth 
left  behind  were  before  inflammable ;  but  that 
by  which  they  were  united  together  in  the  form 
of  oik 

And 
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And  hence  it  is  alfo  probable,  that  in  the 
diftillation  of  more  compound  fubftances,  a 
part,  if  not  all  of  the  fpirit,  which  comes  from 
them,  exifted  in  the  fubjedt  in  the  form  of  oil, 
out  of  which  fpirit  is  produced  in  the  diftillation 
by  the  air’s  difengaging  itfelf. 

And  this  colledlion  and  examination  of  the 
invifible  vapour  arifing  in  diftillation  completes 
the  inquiry  into  the  effedls  of  fimple  heat  on 
animal  and  vegetable  fubftances,  in  a  clofe  veffel. 
To  finifli  the  chemical  analyfis  of  thefe  fubjects 
we  muft  proceed  to  examine,  what  farther  ope¬ 
ration  the  fire  will  have  upon  them  in  the  open 
air. 

We  have  feen  all  animal  and  vegetable  fub¬ 
ftances  reduced  to  a  black  coal  by  diftillation, 
and  this  is  the  ultimate  effedl  of  fimple  heat  only, 
except  perhaps  at  length  to  render  the  whole 
volatile  ;  but,  if  frefti  air  be  admitted  upon  the 
coal,  while  hot,  another  appearance  is  foon  ob- 
ferved.  The  coal  quickly  lofes  its  blacknefs, 
and  for  the  moft  part  falls  to  afhes,  whereas  be¬ 
fore,  under  the  ftrongeft  fire,  it  retains  its  ori¬ 
ginal  form. 

By  this  we  learn,  that  with  the  fubftance, 
which  tinges  the  coal  black,  goes  off  the  princi¬ 
ple  neceffary  to  hold  the  folid  parts  of  the  coal 
together.  The  coal  of  all  vegetable  fubftances 

falls 
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falls  to  afhes  as  loon  as  the  blacknefs  difappears. 
One  or  two  animal  fubftances,  as  the  teeth  and 
the  hardeft  part  of  the  horns,  retain  their  figure, 
even  after  they  are  become  white.  All  other 
animal  fubftances  fall  to  pieces  like  vegetable 
fubftances. 

By  this  we  learn,  that  the  principle,  whereby 
the  parts  of  thefe  bodies  are  held  together,  is 
different  from  that,  to  which  the  coal  owes  its 
blacknefs  ;  or  at  lead  that  in  the  molt  compadt 
animal  fubftances  a  iefs  portion  of  it,  than  what 
will  tinge  the  coal  black,  fuffices  to  continue 
fome  degree  of  cohefion.  Which  is  the  true 
caufe  will  be  better  judged  of  hereafter. 

.  The  coal  of  vegetables,  if  once  fet  on  fire, 

,  -will  continue  burning  of  itfelf,  till  reduced  to 
allies,  without  the  affiftance  of  any  external 
heat,  though  the  coal  of  the  acid  family  of 
plants  burns  moil  vigorously.  And  from  hence 
we  learn  further,  that  this  fubftance,  which 
tinges  the  coal  black,  is  that,  by  which  bodies 
are  rendered  inflammable.  Before  the  conclu- 
fion  of  thefe  lectures  we  fhall  fee,  that  this  prin¬ 
ciple,  which  renders  all  bodies  inflammable^ 
that  are  fo,  is  found  in  all  compound  bodies 
whatever,  and  is  the  very  fame  in  them  all, 
though  all  are  not  impregnated  with  fo  large  a 
fhareofit,  as  to  be  rendered  inflammable  there- 
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by.  The  coal  of  feme  animal  fu bilances  will 
fcarce  burn  of  itfelf  without  the  affiftance  of  ex¬ 
ternal  heat. 

Charcoal  is  this  black  remains  of  vegetables, 
whofe  manner  of  making  we  have  already  de¬ 
fer  i  bed. 

Again,  the  coal  of  thofe  vegetables,  which 
yield  in  diftillation  acid  parts,  leaves  after  burn¬ 
ing  in  its  allies  two  different  fubftanoes,  that  are 
feparable  one  from  the  other  by  boiling  the 
afhes  in  water.  If  the  afhes  of  the  other  fubjedts 
are  boiled  in  water,  the  water,  when  feparated 
again  from  them  by  the  filtre,  brings  away  no¬ 
thing  from  the  afhes ;  but  in  this  the  water  will 
be  found  impregnated  with  a  fait.  This  fait  is 
feparable  from  the  water  by  evaporating  the 
water  ;  for  the  fait  will  fray  behind. 

This  fait  may  be  obtained  from  plants,  that 
yield  it,  without  diftilling  them  ;  by  letting  the 
plant,  when  dry,  on  fire  in  a  clean  furnace, 
and  collecting  the  afhes  •,  for  thefe  afhes  will 
afford  the  fame  fait  by  being  boiled  in  water.  In 
all  cafes  to  extradt  this  fait  to  the  greatefl  ad¬ 
vantage,  it  is  proper  to  put  the  afhes.,  after 
they  have  ceafed  burning  of  themfelves,  into 
fome  proper  veifel,  and  by  a  ftrong  fire  to 
keep  them  glowing  hot,  open  to  the  air,  for 
fome  hours. 


6 


This 


m  A  COURSE  Part  IL 

This  fait,  when  firft  extracted  from  the  allies, 
iifuallyappears  brownifh  $  but  by  being  expoied 
for  a  time  in  a  due  degree  of  heat  it  will  be¬ 
come  very  white.  This  fait  is  an  alkali,  not 
volatile,  as  that  from  animals,  but  endures  fa 
flrong  a  fire  as  to  melt,  if  melted,  or  fluxt, 
for  a  confiderable  time,  it  waftes  continually,  and 
at  length  grows  fo  fubtle,  that  it  cannot  longer 
be  contained  in  any  veffeL  During  this  opera¬ 
tion  it  ufually  changes  colour,  firfl  becoming 
green,  and  afterwards  reddifh;  but  thefe  changes 
•perhaps  arife  from  fparks  of  coal,  which  acci¬ 
dentally  fly  into  the  melting  pot.  I  think  the 
pot  may  be  covered  fo  clofe,  as  to  prevent  this 
change,  and  thefe  colours  will  burn  out  and  re* 
turn  again.  This  fait  has  always  a  fiery  tafte, 
and  grows  by  long  continuance  in  the  fire  a 
Very  flrong  cauftic,  fo  as,  when  laid  upon  any 
part  of  the  body,  and  covered  clofe  over  it,  to 
burn  it  like  an  actual  fire.  Therefore,  when  ufed 
internally  as  a  medicine,  it  fhould  not  be  too 
highly  calcined.  When  white  it  is  abundantly 
hot  enough.  This  fait  is  found  in  all  the  acid 
plants  :  that  extracted  from  wormwood  is  moft 
ufed  in  medical  prefcriptions  ;  but  there  is  no 
difference  at  all  in  the  fait,  from  whatever  plane 
it  be  extracted.  As  the  volatile  animal  fait  is 
the  fame,  from  whatever  fubjeft  it  is  diflilled, 

fo 
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fo  this  fait  is  in  all  vegetables,  where  it  is  found, 
the  very  fame :  though  many  have  abfurdly 
afcribed  to  thefe  falts  all  the  particular  virtues 

attributed  to  the  plants,  whence  they  are  drawn* 

; 

If  this  fait,  after  it  has  been  melted  in  the  fire, 
be  diffolved  in  water,  and  filtred,  it  will  leave  a 
quantity  of  earth  in  the  filtre.  The  like  it  will 
do,  how  often  foever  the  operation  be  repeated. 
From  hence  we  may  learn,  that  this  fait  is  an 
earth,  which  has  fome  other  fubftance  united 
with  it,  by  the  intervention  of  which  it  aifiolves 
in,  and  is  united  with  water;  which  fubfiance 
the  fire  at  each  melting  expels  out  of  fome  part 
of  the  fait. 

This  fait,  as  has  been  faid,  is  very  fixt,  as 
the  other  of  animals  was  found  to  be  exceeding 
volatile. 

Thefe  are  the  two  alkaline  falts,  befides 
which  there  is  not  known  any  other.  Nor  do 
they  appear  to  differ  in  any  other  circum fiance, 
than  that  of  volatility  only  ;  excepting,  that  the 
volatile  fait  cannot  be  kept  fo  long  in  the  fire, 
as  to  be  fo  much  freed  from  the  adhering  oil,  as 
the  fixt  fait  may  ;  by  which  means  the  volatile 
fait  will  not  difiolve  in  water  quite  fo  freely  as 
the  other. 

This  fait,  extracted  in  the  manner  as  has  been 
deferibed,  is  not  perfe&ly  pure.  If  it  be  dif- 
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folved  in  water,  and  fet  by  in  a  cool  place,  a 
fait  of  a  different  kind  will  (hoot  from  it.  Some 
of  the  water  being  evaporated,  more  fait  of  the 
like  kind  will  fhoot.  At  length  no  more  of  this 
fait  can  be  produced,  and  the  water  being  whol¬ 
ly  evaporated,  the  fixt  alkali  fait  will  be  obtained 
pure. 

The  fixt  alkaline  fait,  I  have  now  under  confi- 
deration,  is  not  to  be  prepared,  but  from  fub- 
jecls,  wherein  both  an  acid,  and  an  oil,  or  in¬ 
flammable  part  may  concur  to  the  production  of 
it.  Of  this  we  jfhall  have  a  remarkable  proof  in 
preparing  this  fait  from  nitre  or  fak  petre.  To 
the  acid  kowes  its  power  of  diifolving  in  water, 
and  to  the  inflammable  part  its  melting.  The 
more  this  oily  or  inflammable  part  abounds  in 
it,  the  readier  it  melts.  Tachenius  propofes  a 
method  of  preparing  this  fak  by  heating  the 
plant  in  a  pan  or  a  pot  covered  over,  fo  as  to  pre¬ 
vent  in  a  great  meafure  the  acceis  of  air  to  it,  and 
by  this  means  a  fak  is  produced  more  impreg¬ 
nated  with  oily  parts,  and  much  more  eafily  flux- 
ible,  than  when  the  plant  burns  more  freely,  as 
in  the  manner  before  mentioned  of  producing 
this  fak. 

Thefc  fairs  are  made  ufe  of  in  great  quanti¬ 
ties  in  feveral  trades,  viz.  by  the  dyers,  foap- 
boilers,  and  the  makers  of  glais.  All  thefe  ufes 

we 
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We  fhall  explain  in  the  courfe  of  thefe  le<ftiires  * 
but  here  is  the  proper  place  for  defcribing,  how 
the  great  quantities  are  made. 

Thefe  fairs,  according  as  they  are  more  or 
lefs  purified  from  the  earthy  and  oily  parts  of 
the  plant,  go  by  different  names.  The  fak 
Called  pot-afnes  is  thus  made. 

The  afhes  of  wood  are  fir  ft  boiled  in  water, 
till  the  water  is  ftrongly  impregnated  with  thd 
fait  of  the  afhes.  In  this  tincfcure,  or,  as  it  is 
ufually  called,  lye,  are  fteeped  the  ftalks  of 
beans,  and  luch  like  vegetables,  of  a  middle 
texture  between  foft  leaves  and  firm  wood,  and 
from  this  carried  to  a  hearth  inclofed  with  brick 
work,  and  there  fet  on  fire  :  as  they  burn,  the 
fire  is  kept  up  by  a  continual  fupply  of  the  fame 
fuel.  As  thefe  parts  of  plants  abound  with  fait, 
and  are  ftill  more  charged  with  it  by  foaking  iii 
the  forementioned  lye,  the  fait  notwithftanding 
the  earthy  part  remaining  with  it,  melts  and  lies 
fluid  at  the  bottom  of  the  hearth,  all  the  time 
the  fire  is  kept  up.  Thefe  fucculent  parts  of 
plants  alfo  abound  with  oily  parts,  whereby 
the  fait  thus  prepared  refembles  moft,  that  pre¬ 
pared  after  Tachenius’s  method  before  defcrib- 
ed  ;  and  like  that,  melts  in  the  ftnall  heat  of 
thefe  hearths.  This  fait  is  ufed  by  the  foap- 
boilers,  and  by  the  dyers. 
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This  fait  is  not  fo  white,  as  fome  other  forts 
of  it.  The  whited  is  called  pearl-alhes,  and  is 
made  from  the  allies  of  vegetables  by  extradt- 
ing  die  fait  with  water,  and  then  calcining  it  in 
a  furnace  like  that,  in  which  red  lead  is  made, 
which  we  fhall  defcribe  hereafter.  The  fire,  by 
which  this  fait  is  calcined,  is  not  attended  with 
any  expence  *  for  the  afhes  of  the  fuel  willferve 
to  make  more  of  the  fait. 

Thus  I  have  defcribed  the  refult  of  burning, 
as  far  as  relates  to  thofe  parts  of  the  plants, 
which  day,  and  endure  the  fire.  Its  effects 
upon  the  volatile  parts  are  no  lefs  remarkable  *, 
for  the  foot,  into  which  the  fmoke  condenfes, 
(though  the  plant  be  of  the  acid  kind)  affords 
upon  didillation  a  volatile  alkaline  fpirit  and 
fait,  fuch  as  fimple  didillation  produces  from 
the  other  fpecies  of  plants  :  and  the  phlegm, 
which  fird  rifes,  has  the  like  fetid  fmell,  as  the 
water  of  the  alkaline  plants. 

We  fhall  find,  that  putrefaction  produces  the 
fame  change  in  thefe  plants.  But  thus  far 
burning  differs  from  putrefaction,  that  in  burn¬ 
ing,  though  this  volatile  fait  is  found  in  the;, 
foot,  yet  the  afhes  retain  a  large  portion  of  fixe 
fait,  though  not  altogether  fo  much,  as  when 
the  plant  has  been  didilled  in  a  retort  before 
calcination.  In  putrefaction,  if  it  be  permitted 
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to  proceed,  till  it  is  become  perfect,  there  is 
fcarce  any  fixed  fait  left  in  the  fubjeft. 

Now  we  have  gone  through  the  common 
analyfis  of  animals  and  vegetables.  In  animals 
we  have  found  a  quantity  of  water  plentifully 
lodged  even  in  their  dryeft  parts.  This  water 
we  found  impregnated  with  a  volatile  fubftance 
of  an  alkaline  quality;  the  fame  fubftance  we 
have  feen  likewife  under  a  folid  form.  Befides 
thefe  we  had  a  thick  oil  and  a  black  coal,  which 
by  burning  becomes  a  mere  white  earth. 

In  fome  few  vegetables,  we  found  the  fame 
principles.  And  all  vegetables  after  putre¬ 
faction,  exhibit  entirely  the  fame  fubftances  as 
animals  do.  Otnerwife  the  greateft  part  of  ve¬ 
getables,  yield  very  different  principles. 

The,  water  which  comes  from  them,  befides 
a  very  pungent  fmell  remarkable  in  it,  is  ftrong- 
ly  impregnated  with  acidity.  Two  oils  were 
alfo  found  in  them.  One  leparable  from  the 
folid  parts  ;  the  other,  which  we  called  the  ef- 
fential  oil  of  the  plants,  is  chiefly,  what  is  lodged 
i$  particular  cells  of  the  plant,  and  collected  to¬ 
gether  there  in  the  form  of  oil,  while  the  plant 
is  growing,  juft  as  the  fat  of  animals  is  contain¬ 
ed  ifi  membranes  prepared  exprefly  for  its 
reception.  Befides  thefe  parts  extracted  from 
vegetables,  there  remains  a  black  coal,  which 
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calcined  falls  to  allies ;  and  in  the  plants,  where 
principles  are  found  analogous  to  thofe  of  ani¬ 
mals,  thefe  allies  are  a  mere  earth  >  in  the 
others  they  contain  a  large  quantity  of  a  fait, 
which  remains  very  fixe  in  the  fire  5  whereas  the 
fait  found  in  animals,  and  in  the  other  fpecies 
of  vegetables,  is  exceeding  volatile. 

This  fixt  fait  is  alfo  an  alkali,  as  well  as  the 
Other,  though  it  he  found  in  plants,  which 
abound  with  the  acid  principle.  We  mention¬ 
ed,  that  this  fait  is  only  producible  from  fub- 
jebls,  wherein  are  found  both  acid  and  inflam¬ 
mable  parts.  Sir  Ifaac  Newton  was  the  firft, 
who  perceived,  that  thefe  fixt  alkali's  were  an 
earth  with  an  acid  adhering.  To  the  acid  in 
this  fait  (as  has  already  been  obferved)  is  to  be 
aferibed  its  power  of  uniting  with  water,  and 
to  the  inflammable  principle  its  melting  in  the 
fire.  But  its  union  with  water  is  in  part  ob- 
ftrufled,  while  any  grots  oilinefs  remains  in  the 
fait  ;  and  the  more  effectually  that  is  driven  out 
by  the  fire  from  any  of  thefe  faks,  fo  much  the 
more  ftrongly  does  the  fait  draw  moifture  to  it- 
felf.  Infomuch  that,  when  an  alkaline  fait  is 
calcined  very  high,  it  draws  the  natural  humidi¬ 
ty  of  the  air  fo  potently,  that  it  is  difficult  to 
keep  it  dry.  However  we  have  found,  that 
length  the  principle^  which  unites  the  earthy 

part 


Lect.8.  OF  CHEMISTRY.  135 

part  of  the  fait  with  water,  will  be  alfo  expelled 
by  the  fire. 

The  oils  of  all  thefe  fubjedts  we  have  found  to 
be  a  union  of  two  fubftances,  earth,  and  water  a 
little  tindtured  with  the  fpirit  of  the  fubjedt.  We 
muft  farther  obferve,  that  fo  much  of  the  oil,  as 
is  thus  divided,  has  loft  its  inflammability  ;  and 
we  have  juft  defcribed  a  procefs,  whereby  it  ap¬ 
pears,  that  during  the  diftiilation  an  inviflble 
fubftance  efcapes  under  the  form  of  an  aerial  va¬ 
pour.  In  this  fubftance  therefore  we  muft  feek 
for  the  principle,  whereby  the  oil  is  rendered  in- 
flammable.  Therefore  as  the  coal  both  of  ani¬ 
mal  and  vegetable  fubftances  is  an  earth  joined, 
to  an  inflammable  principle,  fo  the  oils  of  thefe 
fubjedts  are  a  compofltion  of  earth,  and  water 
tindtured  by  the  fpirit  of  the  fubjedt  united  with 
the  like  inflammable  principle. 


L  E  C- 
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LECTURE  IX. 


TH  E  nature  of  the  principles,  into  which 
bodies  are  reduced  by  the  fire,  will  be 
belt  underftood  by  the  effefts  of  two  natural 

operations,  the  fermentation  incident  to  vege- 

■  * 

table  juices,  and  the  putrefaction  common  both 
to  vegetable  and  animal  fubftances. 

Fermentation  is  a  change,  which  ripe  juices 
are  difpofed  of  themfelves  to  undergo,  where- 

j*  j  \  Wj  .  <  fa  r  '  *-  ^  • .  *  ’ 

by  an  intoxicating  fpirit  is  firfl  produced,  which 
was  not  before  in  the  plant,  and  at  length  the 
fermentaion  ends  in  vinegar. 

This  fermentation  is  properly  an  adion  be¬ 


tween  the  acid,  and  the  other  parts  of  the  juices, 
principally  their  oil,  whereby  the  oil  is  attenu* 
ated,  and  fo  united  with  the  acid,  as  to  be  dii- 
folvible  in  water:  in  the  mean  time  it  retains  the 
inflammability  proper  to  oil  •,  nay  has  increafed 
it.  But  at  length  the  acid  fo  far  prevails,  that 
the  liquor,  now  become  vinegar,  will  burn  no 
longer,  but  will  quench  fire, 

A  certain  proportion  and  union  between  the 
acid  and  oily  parts  is  requifite  to  promote  this 
adion  of  fermentation. 


2 
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A  due  mixture  of  acid  and  oily  parts  pro* 
duces  fweetnefs. 

Sugar  will  burn,  therefore  has  received  fome 
oily  parts  from  the  juice,  whence  it  is  made, 
and  upon  diftillation  it  yields  an  acid  fpirit. 
The  like  acid  fpirit  is  produced  from  honey, 
which  is  alfo  an  inflammable  fubftance.  This 
compofition  of  acid  and  oily  parts  is  that,  which 
is  mod  conducive  to  fermentation.  For  this 
realon  we  fee  the  fweeteft  juices,  as  that  of 
grapes,  are  difpofed,  when  prefied  out  in  large 
quantities,  to  ferment  of  themfelves.  On  the 
other  hand  unripe  juices,  that  have  a  rough  au- 
ftere  tafte,  will  not  eaflly  ferment.  Alfo  thofe, 
which  abound  with  oil  to  fuch  a  degree*  as  to 
lofe  their  fweet  tafte  in  a  flat  oilinefs,  and  thofe 
juices,  wherein  the  tart  tafte  predominates,  fer¬ 
ment  but  fluggifhly. 

Not  only  the  exprefled  juices  ;  hut  alfo  the 
juices  drawn  from  feveral  parts  of  plants  by  in- 
fufing  them  in  water,  will  alfo  ferment,  as  wc 
fee  done  in  barley  in  the  making  of  beer. 

But  here  the  grain  is  flrft  to  be  prepared,  that 
the  oily  and  acid  parts  may  be  fo  united  together, 
as  to  produce  the  fweetnefs,  we  have  obferved 
to  promote  fermentation.  The  grain  is  fir  ft 
macerated  fometime  in  water,  then  the  water  is 
feparated  from  it,  and  the  grain  laid  in  heaps, 

till 
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till  it  begins  to  grow  :  after  this  it  is  dryed  with 
a  gentle  heat,  and  the  grain  is  found  to  have  ac¬ 
quired  a  faccharine  fweetnefs. 

When  a  vinous  liquor  is  to  be  made  of  this 
grain,  water  of  a  fomewhat  lefs  heat,  than  that 
wherewith  it  will  boil,  is  to  be  poured  upon  it. 
The  common  teft,  1  think,  for  the  heat  of  the 
water,  is  to  wait,  after  it  has  once  boiled,  till 
the  fleam  is  grown  fmall  enough  not  to  hinder 
the  water  from  making  a  fenfible  reflection  of 
the  perfon,  who  looks  upon  it.  V/hen  the 
grain  has  flood  infufing  fome  time,  the  liquor 
is  ft  rained  off,  and,  when  cool,  mixt  with 
fome  material  proper  to  quicken  the  fermen¬ 
tation. 

In  the  making  of  wine,  that  juice  ferments 
ufually  without  help ;  the  only  operation  it  un¬ 
dergoes,  previous  to  its  fermentation,  is  in  the 
rendering  the  wine  red.  There  the  juice  is  two 
or  three  times  fuccefllvely  infufed  upon  and 
preflfed  ftrongly  from  the  hulks  of  the  grapes, 
which  are  of  the  red  kind  ^  and  from  thefe  hufks 
the  wine  receives  its  tinflure. 

Fermentation  proceeds  thus.  The  ferment¬ 
able  liquor  being  put  into  a  veiTel  in  a  place  mo¬ 
derately  warm,  it  foon  begins  to  fweil,  while 
bubbles  break  from  it,  and  a  whitifh  frothy  head 
forms  itfelf  over  it.  This  head  at  length  con- 

denfes 
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denfes  and  finks,  and  becomes  the  lee,  the  fer¬ 
mentation  dill  continuing.  From  this  time  the 
vinous  fpirit  leflens  by  diffipation,  and  the  fer¬ 
mentation  being  kept  up  terminates  in  vinegar. 
If  the  liquor,  as  foon  as  the  white  head  finks, 
be  drawn  from  it,  and  put  up  in  a  clofe  veffel, 
the  fermentation  will  be  checkt,  and  the  liquor 
will  remain  for  a  long  time  in  the  date  of  wine. 
But  wine  is  continually  changing,  though  by 
flow  degrees,  till  at  lad  it  ends  in  vinegar. 
The  genuine  part  of  the  wine-cooper’s  fkill  is 
principally  to  redrain  the  progrefs  of  the  fer¬ 
mentation,  as  long  as  poflible,  but  at  length  no 
art  can  prevent  it. 

All  the  time  the  liquor  is  in  the  date  of  wine, 
an  obfcure  fermentation  proceeds,  whereby  it 
acquires  more  fpirit,  and  continually  depofits 
fees.  Thefe  lees  keep  up  the  fermentation,  and 
when  ever  it  grows  too  drong,  the  mod  effedtual 
Aep  to  check  it  is  to  draw  the  wine  off  from  its 
lee. 

The  wine,  during  this  date,  likewife  conti¬ 
nually  depofits  a  faline  crud,  which  adheres  to 
the  fides  of  the  calk  containing  it.  This  faline 
matter  is  called  tartar  or  argal.  At  length  the 
wine  depofits  the  mod  part  of  the  oil  in  the 
form  of  a  mucilagineous  fediment,  and  then  be¬ 
comes 
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comes  vinegar.  Thus  when  wines  turn  ropy* 
we  know  they  are  very  near  being  four. 

Only  the  jukes  of  the  acid  fpecies  of  plants 
ferment,  the  juices  of  the  alkaline  plants  pu¬ 
trefy. 

It  has  already  been  mentioned,  what  thefc 
fermentable  juices  yield  upon  diftillation,  before 
they  are  fermented,  viz,  an  add  fpirit,  oil,  and 
a  black  coal,  from  whence  a  fait  may  be  ex¬ 
tracted  by  burning  it  in  the  open  air,  as  from 
the  remains  of  all  the  acid  family  of  plants. 
When  wine  is  diftilled,  the  firfb  thing  which 
rifesfrom  it,  is  a  very  volatile  fubtle  fluid,  of  a 
very  peculiar  kind.  It  will  mix  freely  with  wa¬ 
ter,  and  yet  burns  like  oil,  nay  with  a  much 
fiercer  heat.  This  fpirit  is  not  only  exceeding 
volatile,  when  feparated  from  the  wine  ;  but 
alfo  rifes  from  it  with  lefs  heat  than,  what 
would  raife  any  thing  from  the  juice  before  its 
fermentation. 

This  fpirit  rifes  mixt  with  much  water,  from 
which  it  may  gradually  be  feparated  more  and 
more,  by  fubfequent  diftillations  in  tall  glades, 
and  with  a  very  gentle  heat :  as  it  is  more  and 
more  freed  from  its  aqueous  parts,  it  increafes 
greatly  in  volatility. 

( Here  explain  the  manner  of  taking  the  proof  of 
/pints.) 


This 


Lect.  9.  OF  CHEMISTRY.  14* 

This  fpirit  being  well  freed  from  its  watry 
part,  it  burns  all  away,  when  once  fet  on  fire* 
without  leaving  any  remains  behind  whatever. 
If  it  be  burnt  under  a  tall  veffel,  fo  contrived  as, 
to  colleft  the  vapour,  which  rifes  from  it  in 
burning,  that  vapour  is  found  to  be  mere  water. 
Hence  we  learn,  that  this  fpirit  is  water  united 
with  that  fubtile  part  of  the  oil,  from  which  oil 
receives  its  inflammability,  and  which  we  fhewed 
in  the  laft  ledlure  to  fly  from  it  by  repeated  dir 
filiations. 

Hence  we  may  learn  alfo  the  caufe  of  what  is* 
obferved  in  the  diflillation  of  honey  and  fugar, 
which  Mr.  Boyle  was  at  a  lofs  to  explain,  that 
though  thefe  fubftances  are  inflammable,  yet! 
they  yield  fcarce  any  oil  upon  diflillation  ;  for 
as  thefe  fubftances  contain  only  that  portion  o£ 
the  oily  parts,  which  is  convertible  into  fpirit,, 
fo  by  diflillation  we  find,  they  contain  no  more, 
oil,  than  what  lofes  its  form  in  one  diflillation, 
by  the  diflipation  of  the  fubtile  part,  to  which 
its  inflammability,  and  the  form  of.  oil  are 
owing. 

After  all  the  forementioned  fpirit  is  diftilled 
off  from  the  wine,  the  remains  yield  the  fame 
principles,  as  the  juice  would  have  done  before 
fermentation. 


When 
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When  the  liquor  approaches  towards  vinegar, 
it  yields  again  lefs  inflammable  fpirit ;  info- 
much,  that  when  the  vinegar  is  completely 
made,  it  affords  none  at  all ;  but  upon  diflillation 
the  firfl  liquor,  that  rifes,  is  an  uninflammable 
acid  fpirit ;  and  by  continuing  the  diftillation, 
the  more  acid  does  the  liquor  grow,  that  comes 
off.  At  length  what  afcends,  becomes  oily, 
but  flill  is  acid,  as  will  alfo  the  remains  be. 
Thefe  remains  burnt  in  the  open  air  yield  a 
fait  of  the  fame  kind  as  that,  which  is  produci¬ 
ble  by  burning  from  all  the  plants,  that  yield 
acid  principles  in  diflillation. 

If  tartar  be  diftilled,  it  produces  no  inflamma¬ 
ble  fpirit,  but  yields  altogether  the  fame  fub- 
llances  as  the  acid  plants  afford ;  that  is  a  pun¬ 
gent  fpirit  impregnated  with  acidity,  an  oil, 
heavier  than  water,  with  a  very  fmall  portion 
of  a  light  oil  and  a  black  coal,  which  being  fee 
on  fire  in  the  open  air  yields  alfo  the  foremen- 
tioned  fait. 

By  this  diflillation  of  tartar  we  fee,  that 
it  contains  thofe  parts  of  the  juices  in  which 
the  fermentation  has  made  no  change,  be¬ 
ing  only  depofited  from  time  to  time  from  the 
other  parts  of  the  juice,  whereon  the  fermenta¬ 
tion  operates. 


Such 
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Such  a  faline  fubdance,  as  this,  will  feparate 
from  the  juices  of  plants  without  their  ferment¬ 
ing.  It  may  be  produced  in  the  following 
manner.  After  the  plant  has  been  bruifed,  and 
the  juice  prefixed  out ;  the  juice  is  to  be  fet  by 
for  fome  time  to  fettle :  after  which  let  it  be 
{trained,  that  the  liquor  may  become  clear, 
and  then  be  evaporated  over  a  gentle  fire  to  the 
confidence  of  a  thin  fyrup.  Let  the  juice  thus 
prepared  be  fet  in  a  veflel  in  a  cool  place,  and 
at  length  a  fait  will  fettle  about  the  Tides  of  the 
veflel,  while  a  feculency  fubfides  to  the  bottom. 
An  unglazed  earthen  pan  is  the  fitted  veffel  for 
this  purpofe,  that  the  fait  may  be  aflided  in  its 
adhefion  by  the  roughnefs  of  the  veflel.  The 
liquor  mud  alfo  be  covered  over  with  clean  oil 
to  keep  it  from  the  contact  of  the  air.  Other- 
wife  the  juice  will  not  be  preferved,  but  be 
changed  by  fermenting  or  mouldinefs. 

Thefe  faline  fubdances  are  ufually  called  the 
eflfential  falts  of  the  vegetables,  whence  they  are 
produced,  and  tartar  is  very  properly  to  be 
called  one  of  them. 

Tartar  diflblves  in  water  with  difficulty,  and 
will  not  remain  diflblved  in  it,  unlefs  the  water 
be  almofl  of  a  boiling  heat.  As  foon  as  the  wa¬ 
ter  is  cold,  the  tartar  almofl  intirely  quits  it 
again,  the  earthy  part  fubfiding,  while  the  faline 

i  part 
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part  fhoots  on  the  bottom  and  Tides  of  the  veft 
fel,  and  a  fmall  faline  cruft  fwims  on  the  top. 
This  cruft  on  the  top  is  properly  called  the 
cream  of  tartar,  and  the  fhootings,  the  cryftals  $ 
though  thefe  alfo,  which,  differ  nothing  from 
the  other,  but  in  the  place,  where  they  are  col¬ 
lected,  are  generally  comprized  under  the  name 
of  cream  of  tartar. 

In  preparing  thefe  cryftals,  the  tartar  fhould 
be  boiled  in  much  water. 

When  the  tartar  is  firft  diffolved,  the  ^at ef 
appears  very  dirty  ;  and  the  cryftals  feparate  To 
foon,  that  they  do  not  admit  of  fo  (low  a  fli¬ 
tting,  as  would  be  neceffary  to  purge  the  liquor 
intirely  from  this  dirt.  It  can  only  be  ftrained 
through  a  cloth.  But  when  the  cryftals  are 
ftiot,  as  they  will  not  diffolve  in  cold  water, 
what  dirt  has  pafled  the  ftrainer,  and  remain# 

V 

loofe  among  them,  may  be  wafhed  away  by  the 
affufion  of  cold  water. 

Thus  may  the  tartar  be  freed  from  its  grofs 
earth.  But  the  intire  purification  requires  a 
particular  artifice.  It  is  done  after  the  tartar 
has  been  feparated  from  its  grofs  dirt,  as  now 
defcribed  by  boiling  it  again  with  a  fmall  quan¬ 
tity  of  a  certain  earth,  which  will  not  render  the 
tartar  much  more  diffblvible  in  water  ;  but  yet 
feparate  from  it  a  fufficient  portion  of  its  oily 

and 
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and  terreftrious  parts;  from  which  it  receives 
its  brown  hue. 

The  diflillation  of  tartar  makes  manifeft,  why 

'  •»  .  .  ...  »  ■  > 

it  diflblves  in  water  with  fo  much  difficulty  *,  for 
that  (hews  the  tartar  not  to  be  a  Ample  lalt,  but 
to  have  a  great  redundancy  of  oily  and  terreftri¬ 
ous  parts  joined  with  it. 

u  *  \  i  ■'  * 

Tartar,  and  the  other  called  effential  falts^ 

'  •  *  i  * 

are  fo  named,  becaufe  they  are  fuppofed  to  exift 
in  the  juice  of  the  plant,  as  they  appear  to  usD 
But  they  rather  feem  to  be  produced,  from  the 
liquor  by  a  new  combination  of  parts  ;  for  at 
firft  the  whole  of  the  juice  will  more  eafily  dif- 
folve  in  water  than  thefe  falts. 

After  this  defcription  of  the  effedls  of  fermen- 

, 

ration,  we  may  judge  in  fame  meafure,  wherein 


this  remarkable  operation  of  nature  confifts. 
When  this  operation  has  proceeded  in  full  vi¬ 
gour,  we  find,  the  acid  has  fo  far  difengaged  it- 
felf  from  the  other  parts  of  the  juice,  as  to  ma- 
nifeft  itfelf  more  confpicuoufly,  and  pure,  than 
it  can  be  obtained  by  any  other  means0  But  of 
all  the  parts  of  the  plant,  the  oil  is  more  parti¬ 
cularly  affedted  by  this  fermentation.  It  is  no 
fooner  begun,  but  the  quantity  of  oil  is  dimi- 
hifhed*  and  in  its  ftead  an  inflammable  fpirit 
produced,  which  will  mix  with  water.  It  appears 
therefore,  that  the  inflammable  part  of  the  juice^ 
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or  its  oil,  is  fo  diffolved  and  united  with  the  acid, 
as  to  be  capable  of  mixing  with  water.  By  a 
longer  a&ion  of  the  acid,  when  the  liquor  be¬ 
comes  vinegar,  the  oil  is  then  fo  much  farther 
altered,  as  tolofeeven  its  inflammability. 

When  the  liquor  is  drawn  from  its  grofs  lee, 
and  clofed  up  in  a  cafk,  before  the  fermentation 
is  finifhed,  it  proceeds  then  (lowly.  But  how¬ 
ever  by  the  liquor’s  gradually  depofiting  fome 
of  its  earthy  and  oily  parts  in  the  form  of  tar¬ 
tar  and  lee,  the  acid  at  length  will  fo  far  pre¬ 
vail  as  to  carry  on  the  fermentation  even  in 
a  clofe  veffel,  till  the  liquor  becomes  very  four. 

This  fermentation  (by  the  wine-coopers  com¬ 
monly  called  fretting)  whereby  the  wine  runs  to 
vinegar,  is  ufually  confidered  under  the  notion 
of  a  fecond  fermentation,  as  if  it  were  an  adlion 
of  a  diftiridt  nature  from  the  firft  *,  but  I  appre¬ 
hend,  this  is  no  otherwile  a  fecond  fermentation, 
than  became  the  fir  ft:  part  of  the  fermentation 
has  been  reftrained  by  art  5  fince,  if  the  fermen¬ 
tation  was  fufficiently  ftrong  at  firft,  and  not  in¬ 
terrupted,  the  liquor,  after  a  time,  heats,  the 
inflammable  fpirit  is  difiipated,  and  the  fermen¬ 
tation  ends  in  vinegar,  before  it  ceafes  :  nay 
ibmetimes,  in  very  hot  weather,  the  diftillers 
find,  to  their  great  lofs,  that  no  art  can  (top  it 
fooner. 
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It  is  ufual  indeed,  when  it  is  defired  to  make 
vinegar  of  wine,  to  promote  the  acetous  fermen¬ 
tation  by  art,  mixing  the  wine  with  its  own  lees* 
with  vinegar,  or  with  tartar ;  or  putting  the 
wine  into  a  cafk,  that  already  has  held  vinegar, 
and  other  the  like  means  will  produce  this 
eifedt. 

Likewife,  when  the  fermentation  at  firft 
proceeds  too  (lowly,  it  may  be  promoted  by  art* 
Such  juices,  as  ferment  but  heavily,  may  be 
quickened  by  adding  fuch  as  have  a  greater  fa¬ 
cility  in  fermenting. 

The  juice  of  grapes,  hindred  from  fermenting 
by  impregnating  it  with  the  fmoke  of  fulphur, 
put  to  wines,  will  excite  a  fermentation  in  them* 
This  is  made  ufe  of  by  wine- coopers,  when  they 
mix  different  wines  together;  for  unlefs  the 
wines  after  mixing  ferment,  they  will  not  unite 
into  one  uniform  tafte.  Other  materials  are  too 
often  made  ufe  of  for  this  purpofe,  which  clog 
the  wine,  and  make  it  difagreeable  to  the  fto- 
mach  ;  but  this  being  a  vinous  juice  is  no  pre¬ 
judice  to  the  wine.  A  little  of  that  head,  we 
obferved  to  rife  upon  fermenting  liquors,  will 
gradually  promote  fermentation,  being  gene¬ 
rally  ufed  by  the  brewers  for  that  end  •,  and  it 
will  do  the  fame  after  it  is  fubfided,  and  become 
lee.  All  the  purgative  refins  will  likewife  pro- 
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mote  fermentation.  Jalap  is  mod  ufed  by  the 
diftillers,  becaufe  it  gives  no  tafte  to  the  fpirit. 

On  the  other  hand  a  mixture  of  acids  or  al- 
kal  is,  fo  as  to  deftroy  that  balance  between  the 
acid  and  the  reft  of  the  juice,  which  is  moft 
conducive  to  fermentation,  will  give  a  check  to 
it.  The  fpirit  diddled  from  wine  checks  fer¬ 
mentation  very  powerfully.  Thefe  fpirits  are 
one  pernicious  ingredient  in  all  adulterated 
wines ;  for  v^hen  heterogeneous  materials  have 
been  mixt  together,  which  would  fall  into  a 
violent  fermentation,  it  is  necefiary  to  add  a 
large  quantity  of  fpirits  to  reftrain  it. 

Why  this  fpirit  is  fo  powerful  a  reftrainer  of 
fermentation,  is  the  refult  of  the  effedt  it  has 
upon  acid  fpirits.  The  fume  of  fulphur  adts 
upon  the  fame  principle,  and  is  often  ufed  for 
this  purpofe. 

Upon  the  whole,  we  fee,  that  the  lad  effedt 
of  fermentation,  is  for  the  acid  to  operate  upon, 
and  prevail  over  all  the  other  principles. 

The  unfermented  liquor,  called  mud,  is 
fweet.  There  the  acid  is  intangled  with  the  oil 
fo  much,  that  it  can  only  affedl  the  tongue 
and  palate  in  the  mild  and  agreeable  manner, 
we  call  fweetnefs.  In  fermenting  it  attenuates 
the  oil,  by  which  this  fweetnefs  is  gradually 
ieffened,  till  at  length  in  vinegar  it  difclofes 
1  \  '  -  its 
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its  genuine  tafte,  when  difentangled  from 
thofe  oily  and  terreftrious  parts,  which  difguife  it. 

From  the  diftillation  of  vinegar  we  may 
learn,  how  firmly  acids  can  adhere  to  other 
bodies :  for  here  the  acid  in  diilillation  ac¬ 
companies  the  volatile  parts,  and  afcends  with 
them,  and  alfo  keeps  joined  to  the  more  fixt. 

("The  calcination  of  tartar ,) 

Here  in  vinegar  we  find  the  vegetable  acid  in 
its  greatefl  perfection,  and  produced  without 
the  afliftance  of  any  chemical  fire. 

Thus  by  fermentation  we  fee  the  fame  acid 
feparated  from  vegetables,  as  by  diflilling  them. 

By  putrefaction  the  volatile  fpirit  and  fait  are 
fo  feparated  from  the  reft  of  the  compound  in 
animal  fubftances,  that  it  may  be  obtained  en¬ 
tire  by  no  greater  hear,  than  what  is  neceftary  to 
fublime  it.  When  thofe  fubftances  are  diftilled 
frefh,  a  great  degree  of  heat  is  neceftary  to  dif- 
unite  the  volatile  fpirit  and  fait  from  the  other 
parts.  But  by  putrefaction  they  are  fo  difen- 
gaged  from  the  reft,  that  they  are  feparated, 
and  brought  to  view  by  no  greater  heat  than 
what  will  fublime  thefe  fubftances,  after  they 
have  been  extracted  from  the  mixt.  Therefore 
putrefaction  alone  has  truly  produced  thefe  fub¬ 
ftances  out  of  the  compound. 

/  .  -  t 
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Thus  we  find  by  the  two  natural  operations  of 
fermentation  and  putrefaction  the  fame  fub- 
ftances  produced  out  of  mixt  bodies,  as  are 
expelled  from  them  by  the  heat  of  chemical 
fires, 

PutrefaCtion  will  produce  thefe  volatile  fpirits 
and  faits  from  plants  alfo,  even  from  thofe, 
whence  the  fimple  and  unaOifted  heat  of  our 
fires  produced  only  acid  parts.  Though  it  ap¬ 
pears  in  the  diftillation  of  foot,  that  heat  aftirted 
by  the  air,  will  difpofe  thefe  fubdances  alfo  to 
afford  the  like. 

The  leaves,  and  fuch  fncculent  parts  of  all 
plants,  if  laid  and  preffed  clofe  together  in  a 
heap,  when  green  and  in  a  warm  place,  foon 
begin  to  putrefy.  They  firft  grow  hot,  even 
fometimes  to  the  taking  fire,  and  at  length  turn 
into  a  pappy  confidence,  which  being  diddled 
yields  a  fpirit  dored  with  volatile  fait,  to  be 
drawn  from  it  by  rectification  $  and  when  this 
rectification  has  been  repeated  two  or  three 
times,  the  fait  appears  to  be  altogether  the  fame 
with  that,  which  comes  from  animal  fubftances. 

When  the  didillation  is  finifhed,  what  remains 
in  the  retort  is  a  great  deal  lefs,  than  it  is,  when 

the  plant  is  diddled,  before  putrefaction.  The 
volatile  fak  alfo  is  much  more  in  quantity,  than 

the 
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the  fixt  fait  to  be  drawn  from  the  plant  not  pu« 
trifled  would  be. 

From  plants  thus  putrefied  there  alfo  comes 
off  a  black  but  light  oil,  refetnbling  that  drawn 
from  animal  fubftances. 

In  the  laft  place  let  it  be  obferved,  that  in 
this  putrefaction  all  the  appearance  of  the  acid 
is  loft. 

It  is  alfo  very  remarkable,  that  the  earthy 
part  is  much  diminifhed.  It  feems  therefore, 
that  the  earth  of  the  plant  is  partly  turned  into 
volatile  fait.  Let  us  alfo  confider,  that  the 
acid  of  the  plant  is  now  loft  and  we  fliall  fee 
here  an  effeCt  confonant  to  fir  Ilaac  Newton’s 
opinion  of  alkaline  falts ;  for  where  is  this  acid 
retired,  but  into  the  other  parts  of  the  plant  ? 
In  a  word  as  fermentation  is  an  action  arifing  in 
the  juices  of  plants,  whereby  the  acid  difengages 
itfelf  from  the  other  principles  fo  far  as  to  unite 
more  copioufly  with  the  watry  part  of  the 
juice,  whereby  the  acid  manifefts  itfelf  more 
than  before ;  fo  here  in  putrefaction  the  earthy 
parts  imbibe  the  acid  fo  as  to  render  it  invifible. 

We  fee  alfo  operating  in  the  fame  plant  both 
the  fermentation,  which  ends  in  vinegar,  and 
putrefaction  productive  of  alkaline  fubftances. 
The  inteftine  motion  ;  which  arifes  in  the  juice, 
where  watry  and  acid  parts  abound,  produces 

I,  4  vine- 


I5|  A  COURSE  Part  II. 


yinegar,  and  in  the  plant  itfeif,  where  its  earthy 
parts  exceed,  the  inteftine  motion  caufes  putre- 

{jr  • .  i  v  .  *  .v 1 .  - .  f «  > 

faction. 

t\  i  t  ''  * 

In  the  next  place  we  learn  from  hence  the 

•  ».  « 

nature  of  animal  digeftion  f  for  here  we  may  fee*, 
that  the  putrefying  of  vegetables  works  the  like 
■(changes  in  them,  as  digeftion  does,  when  it 


converts  them  into  animal  fubftances  :  digeftion 
therefore  is,  as  it  were,  a  begun  putrefaction. 

For  this  reafon,  the  fubftances,  from  which 
we  receive  nourishment,  are  fuch  as  are  difpofed 
"to  putrefy ;  and  thofe  fubftances,  which  putre- 
fy  fooneft,  fooneft  digeft.  Meats  of  hard  digef¬ 
tion  are  rendered  eafier  £o  digeft  by  keeping. 
If  they  are  kept  fo  long  as  to  be  actually  putrid, 
they  are  then  indeed  become  unfit  for  nourifh- 
pent,  bee  a  ufe  they  are  got  beyond  the  ftate, 
which  the  adion  of  the  ftomach  and  bowels  is  to 
bring  them  to  :  digeftion  in  the  ftomach  is  no 

\  X  /  *  T  •  v  v  • 

more  than  an  advance  toward  putrefadion  ;  for 
we  find,  that  vegetable  diet,  when  in  the  blood, 

e  f  •  \  *  ’*  ■  p  *  • 

does  not  immediately  part  with  its  acid  nature, 
which  is  the  caufe  of  that  acidity,  we  cbferved 

*  1  '*  ^  (  t  _  .  .  -  y  ;  ,  ,  V  ■  v 

fo  be  in  milk. 

-■  f.  .  ?  o  #  „ 

The  firm  union  with  the  acid  and  terreftrioug 

1  '  '  *  .  ‘  ;  ;  :  r ,  ,  •.  7)  t 


parts  brought  about  in  putrefadion,  and  in  ani¬ 
mal  concodion,  whereby  vegetable  fubftances  be* 
pome  part  of  an  animal  body  f  is  the  reafon,  why 
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in  the  oil  of  putrid  vegetables,  and  in  animals 
no  vifible  acid  is  found,  as  in  the  other  oils  of 
vegetables.  Here  the  acid  is  too  ftri&ly  united 
to  the  earthy  parts  of  the  oil  to  be  expelled  from 
thence,  and  manifeft  itfelf.  In  other  words  it 

*  .  v*  *■  *  >  1 

,  now  adheres  more  firmly  to  the  earthy  than  to 
the  watry  part  of  the  oil. 

In  fermentation  the  adlion  of  the  acid  is  to 
caft  off  the  groffer  terreftrious  part  from  the  reft: 
of  the  juice  •,  but  here  the  adlion  of  the  acid  is 
to  unite  itfelf  more  firmly  to  the  earthy  parts  of 
die  vegetable,  and  at  the  fame  time  to  attenuate 
and  reader  more  fubtle  thofe  terreftrious  parts, 
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HAVING  gone  through  the  ufual  chemical 
analyfis  of  animal  and  vegetable  fub- 
ftances,  the  recompofitions  of  thofe  fubftances, 
which  have  beei>  contrived  from  them,  whereby 
very  valuable  medicines  have  been  introduced, 
and  the  nature  and  properties  of  thofe  feveral 
fubdances  illuffrated  deferve  next  to  be  con- 
fidered. 

Of  the  precedes  therefore  I  now  propofe  par¬ 
ticularly  to  confider,  the  firft  is  the  property  of 
the  lixivia!  fait  extracted  from  the  allies  of  ve¬ 
getables  to  run  into  a  water  by  attrading  the 
moifture  of  the  air. 

If  a  lixivial  fait  be  highly  calcined,  it  will 
fcarce  be  cold,  before  it  becomes  damp,  begin¬ 
ning  to  diffolve  by  the  moifcure  of  the  air. 

But  all  fuch  falts,  if  hung  up  in  a  bag,  or  laid 
upon  a  glafs,  will  foon  imbibe  fo  much  moifcure 
from  the  air  as  to  run  off  in  a  liquor.  This  is 
the  mod:  effedual  way  to  have  the  fait  pure  from 
any  earthy  part  :  for  thus  more  earth  will  be 
left  behind,  than  when  it  is  filtred  through  paper. 

This 
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This  property  of  lixivial  fait  makes  it  very 
tifeful  for  rectifying  fpirit  of  wine  ;  for  if  as 
much  of  this  fait  as  amounts  to  about  one  third 
of  the  fpirit  be  added  to  it,  and  then  the  fpirit 
be  gently  diftilled,  it  will  rife  much  freer  from 
the  phlegm,  or  watry  part,  than  otherwife  it 

would  do  *,  the  phlegm  being  held  back  by  the 

\ 

fait,  this  fait  being  diffolvible  by  the  water,  but 
not  by  the  fpirit. 

It  muff  here  be  noted,  that  fome  falts  are 
diffolvible  both  by  water  and  by  this  vinous 
fpirit ;  others  by  water  only.  Of  this  latter  kind 
is  the  fixt  alkali,  or  the  lixivial  fait  here  under 
confideration,  unlefs,  perhaps,  fome  very  fub- 
tile  and  invifible  parts  of  it,  by  which  the  fpirit 
may  be  rendered  by  digeftion  with  this  fait 
fomewhat  more  pungent.  If  the  alkaline  fait 
by  melting  has  acquired  a  reddifh  hue,  the 
fpirit  will  receive  a  fimila-r  tint  from  the  fait. 
But  this  colour  more  properly  arifes  from  that, 
which  coioured  the  fait,  than  from  the  fait 
itfelf. 

When  this  fixt  alkaline  fait  is  mixt  with  any 
acid,  it  fuddenly  excites  a  very  vifible  fermenta¬ 
tion  :  amongft  the  reft  with  the  acid  of  vege¬ 
tables,  which  appears  leaft  intangled  with  other 
fubftanc.es  in  vinegar,  especially  after  the  vine- 
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gar  has  been  diftilled,  and  thereby  its  rqoft 
undtuous  parts  feparated. 

If  a  little  of  this  fait  be  thrown  into  vinegar, 
whether  diftilled  or  not,  numerous  bubbles, 
with  a  frnall  hiding  noife,  prefently  arife,  and 
the  fait  is  foon  diiTolved.  Upon  throwing  in 
more,  frefli  bubbles  appear.  At  length  no  far¬ 
ther  commotion  will  be  excited  by  calling  in 
the  fait.  And,  if  the  fait  be  call  in  with  a  care¬ 
ful  hand,  neither  will  any  fermentation  appear 
upon  adding  frefh  vinegar.  But  if  heat  be  ap¬ 
plied,  the  fait  will  Hill  ferment  with  an  addi¬ 
tional  quantity  of  vinegar.  Though,  when 
about  fixteen  or  twenty  times  the  weight  of  the 
fait  has  been  added  of  the  vinegar,  no  farther 
fermentation  will  appear,  though  the  vinegar 
boil.  If  this  be  done  with  diftilled  vinegar, 
and  the  operation  profecuted  with  the  following 
circumftances  a  neutral  fait  neither  acid  nor  al¬ 
kaline  will  be  produced  very  white.  After  the 
fait  is  fo  faturated,  that  no  fermentation  follows 
upon  the  affufion  of  more  diftilled  vinegar,  the 
liquor  is  to  be  evaporated  away,  when  a  fait 
will  be  left  foul  and  black,  efpecially  if  the  ope* 
ration  be  performed  in  an  iron  veflel.  This 
fait  is  to  be  melted  for  a  little  time,  which  is 
done  with  a  very  frnall  heat.  Then,  thrown  into 

2  water. 
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water,  it  immediately  diffolves,  and  depofits 
its  blacknefs  ;  the  water  being  evaporated,  with 
care  that  no  more  heat  be  ufed  at  laft,  than  juft 
what  is  fufficient  to  dry  the  fait,  the  fait  will  be 
left  very  white ;  which  muft  be  immediately 
put  up  in  a  clofe  glafs,  for  fcarce  any  fait  at¬ 
tracts  fo  powerfully  the  moifture  of  the  air. 

This  fait  has  been  called  tartarus  regenerate, 
thought  it  differ  fufficiently  from  tartar.  In  the 
prefent  Pharmacopoeia  it  is  named  fal  diureticus, 
from  its  medicinal  operation. 

This  fait  is  one  of  thofe,  which  diffolve  both 
in  watef  and  fpirit  of  wine  ;  and  the  criterion  of 
its  perfe&ion  is,  that  it  diffolves  in  either  with¬ 
out  depofiting  any  fediment.  When  rendered 
thus  pure,  the  ftomach  bear  a  greater  dofe  of  it 
than  otherwife. 

If,  when  this  fait  is  laft  dried,  fo  much  heat 
is  ufed  as  to  caufe  it  to  melt,  it  will  concrete 
into  a  foliated  texture.  But  with  fo  much  heat 
it  is  difficult  topreferve  its  intire  folubility. 

This  preparation  is  a  valuable  medicine.  And 
there  is  an  extemporaneous  compofition  formed 
upon  the  fame  principles  generally  efteemed. 
This  is  the  juice  of  lemons  mixt  with  a  fixt  al¬ 
kaline  fait :  it  is  moft  ufual  to  join  one  part  of 
the  fait  with  about  twelve  parts  of  the  juice. 

Fixt 
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Fixt  alkaline  fait  added  to  a  folution  of  tartar 
or  its  cryflals  made  in  boiling  water,  produces 
alfo  a  kind  of  fermentation,  of  which  we  fhall 
have  more  examples  hereafter. 

In  the  foregoing  procefs  we  fee,  the  fixt  alka¬ 
line  fait  excite  a  fermentation  with  the  vegetable 
acid,  when  joined  only  to  water.  In  this  we 
find,  the  fame  alkaline  fait  ferment  with  the  acid 
lodged  in  tartar,  and  feparate  it  from  the  earthy 
and  oily  parts  of  the  tartar,  and  unite  it  with  it- 
felf,  thereby  compofing  a  fait  difFoivible  in  cold 
water. 

By  this  we  fee,  that  the  fame  acid  may  aft 
with  different  degrees  of  force  upon  diffe¬ 
rent  terreflrious  fubflances.  In  tartar  the 
union  between  the  acid  and  the  terreflrious  parts 
is  fo  great  as  to  render  the  whole,  except  fome 
groffefl  part  of  its  earth,  diffolvible  in  water, 
and  when  the  water  is  not  hot  enough  to  retain 
the  tartar  fufpended,  the  acid  of  the  tartar  frill 
retains  its  adhefion  to  the  other  parts  of  that  fait, 
fo  that  aimofl  the  whole  feparates  from  the  wa¬ 
ter  without  any  difunion.  But  here  the  acid 
quits  its  own  earth,  to  take  hold  of  the  alka¬ 
line  fait,  whereby  the  other  parts  of  the  tartar, 
which  before  were  fufpended  in  the  water  by 
the  acid,  are  now  in  great  part  precipitated  as 
earthy  faeces. 


The 


Lect.io.  OF  CHEMISTRY.  159 

The  affufion  of  vinegar  alfo  upon  many  fub¬ 
ftances  wholly  indiffolvible  in  water  will  raife  the 
like  effervefcence. 

By  this  effervefcence  with  vinegar  and  other 
acids,  thefe  fubftances  are  ufually  rankt  under 
the  clafs  of  alkalis,  by  a  name  borrowed  from 
a  plant,  which  yields  this  fait  plenteoufly.  And 
under  this  head  are  ranged  coral,  chalk, 
oyfter-lhells,  and  all  thofe  called  teftaceous  pow¬ 
ders,  all  which  excite  this  effervefcence  with 
acids  and  deftroy  their  acidity.  But  all  thefe 
fubftances  are  diftinguifhed  from  alkaline  falts 
by  their  not  diffolving  in  water. 

When  diftilled  vinegar  is  poured  upon  coral 
an  effervefcence,  as  has  been  faid,  arifes.  If 
vinegar  is  thus  gradually  poured  on,  at  length 
no  farther  effervefcence  will  follow  ;  but  that 
the  coral  may  be  fully  faturated,  the  mixture 
fhould  be  fet  upon  warm  fand,  and  ftirred  now 
and  then,  till  the  heat  will  raife  no  effervefcence* 
The  liquor  being  afterwards  filtred,  and  fo  much 
of  the  coral  as  the  vinegar  has  diffolved  precipi¬ 
tated  by  a  folution  of  an  alkaline  fait  in  water, 
the  powder,  which  falls,  is  no  longer  diffolvi- 
ble  in  water,  and  is  called  the  magiftery  of  coral. 
The  liquor  evaporated  to  drynefs  leaves  behind 
a  fubftance,  that  will  diffolve  in  water,  and  is 
called  the  fait  of  coral.  By  this  we  may  fee, 

that 
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that  though  coral  is  itfelf  fo  much  an  earth,  that 
it  will  not  diffolve  in  water,  yet  the  acid  of  vine^ 
gar,  by  uniting  with  a  part  of  it,  will  render 
that  part  a  true  fait.  Here  therefore  we  have 
an  inftance  of  producing  a  fait  by  joining  an 
acid  to  a  mere  earthy  fubftance,  wherewith  it  is 
difpofed  to  unite. 

How  much  this  and  other  the  like  expert 
ments  conduce  to  explain  the  nature  of  falts,  I 
purpofe  to  confider  farther  hereafter. 
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LECTURE  XL 

WE  are  now  upon  the  compositions  ufually 
made  from  the  fubftances,  which  our 
preceding  analyfes  have  afforded  us  j  and  we 
have  confidered  the  effebts  of  compounding 
Salts,  and  Saline  Spirits.  We  Shall  proceed  to 
the  operation  of  Salts  on  oils,  and  inflammable 
Spirits,  and  the  action  between  thele  Subjedts 
themfelves. 

Lixivial  Salts  adt  ftrongly  on  oils. 

Common  Soaps,  both  Soft  and  hard,  are 
made  by  uniting  oil  and  tallow  with  a  Solu¬ 
tion  of  Some  lixivial  Salt  in  water.  But,  as 
the  Soap-boilers  take  into  the  operation  the 
afliftance  of  lime,  I  Shall  defer  the  farther  ex¬ 
planation  of  this,  till  lime  Shall  come  under 
consideration. 

The  Soap  of  tartar,  a  preparation  firfl;  pro¬ 
duced  by  a  neceflitous  quack,  though  Since 
greatly  celebrated,  is  an  attempt  to  unite  the 
alkaline  Salt  of  tartar  with  oil  of  turpentine. 
What  oil  can  be  joined  with  the  Salt  will  Soon 
be  taken  up  with  the  help  of  a  little  warm  wa ter, 
notwithftanding  the  tedious  procefles  ufnally  re-* 
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commended  for  this  end,  attended  with  cau¬ 
tions,  which  in  reality  are  no  other  than  endea¬ 
vours  to  retard  the  effebt.  The  direbt  method 
is  to  melt  the  fait,  powder  it  hot  in  a  warm  mor¬ 
tar,  and  put  to  it  an  equal  weight  of  oil  of  tur¬ 
pentine  alib  warmed,  and  while  they  are  rubbed 
together,  adding  about  half  the  weight  of  hot 
water.  They  will  foon  unite,  though  time  is 
required  for  the  compofition  to  acquire  a  due 
confidence.  This  fait  is  faid  to  be  capable  of 
imbibing  thrice  its  weight  of  oil.  But  from  the 
foap  of  tartar  after  diftillation  and  calcination 
will  be  left  two-thirds  of  its  v/cight  of  a  fimple 
alkaline  fait  ♦,  three-fourths  of  the  other  third 
being  mere  water :  fo  great  a  part  of  this 
volatile  oil  employed  in  the  procefs,  flies 
off  again,  before  the  foap  receives  its  juft  con¬ 
fidence. 

The  abtion  between  flxt  alkaline  falts  and  oil 
produces  likewife  another  phenomenon.  It  has 
been  formerly  obferved,  that,  when  frefti  urine 
is  put  to  diftillation,  a  great  quantity  of  phlegm 
arifes  firft  from  it :  and  the  volatile  fpirit  and 
fait  are  not  to  be  raffed  without  a  ftrong  heat, 
as  in  the  diftillation  of  hartfhorn  ;  becaufe  a 
great  force  of  fire  is  required  to  difengage  the 
volatile  (alt  from  the  oil,  to  which  it  adheres  ; 
but  if  a  large  quantity  of  ftrong  alkaline  fait  be 

added 


Lect.  ii.  OF  CHEMISTRY.  i63 

added  to  the  urine,  by  the  ftronger  attraction, 
there  is,  between  this  fait  and  the  oil,  than 
there  is  between  the  volatile  fait  and  the  oil, 
the  volatile  fait  is  difengaged,  and  permitted  to 
afifume  its  volatile  nature,  ajid  rife  from  the 
urine  with  a  gentle  heat. 

Though  fixt  alkaline  fait  will  not  unite  with 
fpirit  of  wine,  but  imbibe  from  the  fpirit  its 
watry  part,  as  has  before  been  faid  ;  yet  if  the 
fpirit  be  fir  ft  very  carefully  freed  from  its 
phlegm,  it  may  be  made  to  take  a  redd ifh  tinc¬ 
ture  from  this  fait.  For  this  purpofe  the  fait 
mud  be  melted  in  the  fire,  till  it  has  acquired  a 
reddiffi  hue,  and  be  added  to  the  fpirit,  while 
yet  warm,  that  it  contract  not  any  humidity 
from  the  air. 

This  procefs  is  attended  with  difficulty,  the 
colour  of  the  fait  being  probably  owing  to  acci¬ 
dent,  as  has  been  above  explained  ;  and  feems 
to  arife  from  a  fmall  portion  of  oily  parts,  with 
which  the  fait  is  by  chance  impregnated.  The 
pra&ical  chemifts  therefore  ufually  mix  a  little 
antimony  with  the  fixt  fait,  whereby  they  are 
fure  of  giving  a  tinCture  to  the  fpirit  ♦,  but  the 
college  of  phyficians  have  not  thought  the  pre^ 
paration  worthy  a  place  in  their  prefent  difpen- 
fatory. 
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Another  kind  of  compofitions  is  made  by 
fpirit  of  wine,  and  oleofe  fubftances.  Pure 
fpirit  of  wine  poured  upon  any  effenti-al  oi),  dif- 
folves  it ;  and  if  it  be  diftiiled  off  from  it,  brings 
the  pureft  part  over  with  itfelf.  Alfo,  when 
any  plants  abounding  in  effential  oil  are  di¬ 
ddled  with  a  quantity  of  fpirit  of  wine,  the 
fpirit  brings  over  vyi.jh  it,  a  fcrong  flavour 
of  the  plant.  Proof  fpirit  is  ufually  employ¬ 
ed  in  this  operation,  *and  the  manner,  of  di- 
ftilling  is  altogether  the  fame,  as  that  made 
ufe  of  in  diddling  the  fimple  water  and  dfen- 
tial  oil. 

The  ufual  direction  in  pharmacopoeias  for  di- 
ftilling  thefe  fpirituous  waters,  as  they  are  called, 
is  to  take  a  fine  proof  fpirit  in  the  proportion  to 
the  ingredients,  which  the  prefcription  appoints, 
and  to  draw  off  the  quantity  put  into  the  ft  ill  j 
but  to  prevent  the  fpirit  from  contracting  an 
empyreumatic  tin&ure  from  the  burning  of  the 
ingredients,  when  they  fhould  become  dry  ;  be¬ 
fore  the  fire  is  kindled  under  the  ftill  a  quantity 
of  water  is  added,  which  being  left  at  the  end  of 
the  diftiilation  will  be  fufficicnt  to  keep  the  in¬ 
gredients  from  drying. 

This  method  of  drawing  off  a  quantity  equal 
to  that  of  the  proof  fpirit  ufed,  is  the  mod  com¬ 
modious 
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modious  for  the  apothecary,  whofe  medicines 
mud  be  all  of  the  fame  goodnefs.  But  the  di- 
fciller,  who  can  make  a  diverfity  of  price  to  dif¬ 
ferent  cufcomers  ;  when  he  has  drawn  off  about 
two  thirds  of  the  fpirit  put  on,  carefully  exa¬ 
mines  the  fpirit  afterward  as  it  runs  from  the 
dill,  and  as  foon  as  he  perceives  what  runs  begins 
to  acquire  a  blueidi,  or  perhaps  a  whitifh  tint,  he 
removes,  what  is  already  come  off,  and  collects, 
what  runs  farther,  by  itfelf.  This  has  not  fo 
delicate  a  flavour  as  the  drd,  and  is  what  they 
call  the  faints.  The  fird  fpirit  thus  referved  by 
itfelf  is  dronger  than  proof,  and  is  reduced  to 
the  proof  dandard  by  the  addition  of  pure 
water. 

Their  faints,  when  they  have  collected  a  fuf- 
ficient  quantity  of  them,  are  re-didilled  by  them- 
felves. 

Spirit  of  wine  is  alfo  often  ufed  to  draw 
tinctures  from  vegetables.  It  is  particular* 
ly  applied  to  extradt  the  refinous  parts  from 
plants.  Camphire  it  diffolves  entire,  very  expe¬ 
dition  fly. 

The  refin  of  jalap  is  extracted  by  fpirit  of 
wine.  This  is  commonly  performed  by  pour¬ 
ing  rectified  fpirit  on  jalap  root. 

But  this  refln  may  be  otherwife  obtained. 
Pour  upon  jalap  root  powdered  rectified  fpirit  of 
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wine,  and  with  a  due  heat  draw  a  tincture,  and 
boil  the  refidue  feveral  times  in  water;  after 
{training,  draw  off  the  fpirit  from  the  tindture 
till  it  begins  to  thicken ;  infpiffate  alfo  the 
{trained  decodtions ;  then  mix  the  two  extradts, 
and  with  a  gentle  fire  reduce  them  to  the  con- 
fiftence  of  a  pill. 

v 

This  preparation  has  been  fo  much  pre¬ 
ferred  by  the  college  of  phyficians  for  medi¬ 
cinal  ufes,  that  they  have  not  given  the  fore- 
defcribed  refin  a  place  in  their  prefent  pharma¬ 
copoeia. 

Spirit  of  wine  is  alfo  ufeful  in  preparing  the 
extradts  by  water  only  of  fuch  vegetable  fub- 
ftances,  as  abound  in  refmous  parts ;  for  though 
many  of  thefe  parts  will  boil  out  along  with  the 
reft ;  yet  thefe,  by  not  uniting  freely  with  the 
Other  parts,  will  caufe  the  extradt  to  crumble, 
and  not  unite  into  a  uniform  tenacious  con- 
fiftence  as  it  ought  to  do.  But  a  little  fpirit  of 
wine  then  added  brings  the  extradt  immediately 
into  its  due  form. 

By  the  power  in  fpirit  of  wine  diffolving 
oils,  it  is  ufeful  in  redtifying  volatile  fait  ; 
for  if  a  quantity  of  it  be  poured  on  the  fait, 
and  the  fait  be  fublinfed,  the  oil  will  unite 
with  the  fpirit,  and  the  fait  afcend  very  pure. 


It 
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It  is  the  general  doctrine,  that  fame  refinous 
bodies  are  fo  refradlory,  that  they  will  not  dif- 
folve  in  fpirit  of  wine,  unlefs  firft  digefted  with 
a  lixivial  fait.  Myrrh  is  a  fubjedt  ufually  pro- 
pofed,  as  an  inftance  of  this.  But  myrrh  will 
diffolve,  as  it  were,  entirely  in  boiling  water, 
and  a  fmall  part  only  will  fall  out  of  it,  as 
it  cools.  This  part  unites  with  fpirit  of  wine. 
If  the  water  be  evaporated,  a  gum  is  left, 
from  which  fpirit  of  wine  will  take  no 
tindlure.  Spirit  of  wine  will  take  a  tindlure 
from  myrrh  without  any  feparation  of  its  parts, 
being  previoufly  made  by  water  ;  and,  as  far 
as  I  could  difcover  by  experiment,  will  receive 
as  much  from  myrrh,  fimply  ufed,  as  when  pre« 
pared  with  a  lixivial  fait. 

Hoffman  teaches,  that  if  camphire  be  ground 
with  fait  of  tartar,  fpirit  of  wine  diftilied  from 
it  will  partake  ftrongly  of  the  flavour  and  tafte 
of  the  camphire,  without  fuffering  any  fepa¬ 
ration  upon  mixing  with  water,  as  happens 
in  the  Ample  folution  of  camphire  in  that 
fpirit.  This  I  have  alfo  found  to  be  a  mif- 
take  ;  and  likewife,  that  there  is  no  fenfible 
difference  in  fpirit  of  wine  diftilied  from  cam-* 
phire  with  or  without  the  fait. 

If  the  higheft  reclined  fpirit  of  wine  be  pour¬ 
ed  on  an  equal  quantity  of  a  volatile  alkaline 
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fpirit  perfedtly  free  from  any  oil,  and  fiiook  to¬ 
gether,  they  will  at  once  coagulate,  efpecially 
if  the  weather  be  cold.  This  is  called  offa  alba 
and  offa  Helmontii.  But  this  experiment  mull 
be  omitted,  till  we  come  to  confider  fal  ammo¬ 
niac,  whence  we  ihall  produce  a  volatile  al¬ 
kaline  fpirit  more  perfedlly  free  from  oilinefs* 
Than  what  we  can  prepare  at  prefent* 
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PART  III. 

Of  FOSSILS. 

LECTURE  XII. 


FTER  animal  and  vegetable  fubftances. 


the  next  to  be  treated  of  are  thofe. 


^  which  are  dug  out  of  the  ground. 
Thefe  in  general  are  called  foffils.  Such  of 
them,  as  will  melt  in  the  fire,  are  diftinguifhed 
by  the  name  of  minerals,  that  of  fofills  being 
molt  ufed  to  denote  the  reft.  We  fhall  begin 
with  the  falts. 

The  foffil  or  mineral  falts  are  nitre  or  falt-pe- 
tre,  alum,  borax,  and  vitriol  a  to  which  fea- 
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fait  may  be  added,  a  fait  of  the  fame  kind  being 
alfo  dug  out  of  the  ground,  though  ufually  di- 
ftinguifhed  from  that  extracted  from  fea-water 
by  the  name  of  foffil  fait.  If  any  of  thefe,are 
diiTolved  in  water,  and  then  the  water  is  evapo¬ 
rated  to  a  certain  degree,  and  upon  this  the  wa¬ 
ter  be  fet  in  a  cool  place,  the  fait  will  precipitate 
from  the  water,  and  gather  together  in  crydal- 
like  bodies  of  a  regular  fhape,  but  which  is  dif¬ 
ferent  in  each  fait. 

This  operation  is  called  the  cryflallization 
of  the  falts,  and  has  been  already  confidered. 

The  crydallizing  of  falts  is  the  fecured  me¬ 
thod  of  purifying  them  from  all  heterogeneities. 
J$y  hitring  the  water,  wherein  they  are  diiTolved, 
all  earthy  foulnefs  is  feparated,  and  if  different 
falts  are  diiTolved  together  in  the  fame  quan¬ 
tity  of  water,  they  feparate  from  each  other  in 
fhooting. 

Thus  much  in  general  of  thefe  falts.  To 
proceed  to  particulars,  alum,  and  mod  of  the 
vitriols,  if  heated,  emit  a  large  portion  of  water: 
after  this  diddled  with  a  drong  fire  they  yield 
an  acid  fpirit,  which  is  the  fame  in  either  mate¬ 
rial.  Sea-falt,  and  nitre  are  lefs  humid  than  the 
others  ;  but  diddled  yield  alfo  acid  fpirits  dif¬ 
fering  from  that,  which  is  obtainable  from  the 
other  falts,  and  alfo  from  each  other.  But  in 
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order  to  raife  the  fpirits  from  thefe  two  falts 
fome  kind  of  clay,  bole,  or  other  equivalent 
material,  mu  ft  be  mixt  with  them :  nitre  re¬ 
quires  three  times  its  own  weight,  at  leaft,  of 
fuch  a  clay*  and  fea-falt  much  more  ;  alum 
and  vitriol  require  no  fuch  addition. 

If  either  of  the  other  falts  were  put  to  diftil- 
lation  alone,  they  would  melt,  and  might  at 
length  be  rendered  fo  fubtle,  as  to  run  through 
the  veffel,  which  contained  them  ;  but  would 
never  part  with  their  fpirit.  Why  thefe  clays 
or  boles  procure  the  expuHion  of  thefe  fpirits, 
ftiall  be  explained  prefendy. 

If  borax  be  put  to  diftil  by  itfelf,  it  fwells 
gready,  as  alum  will  do ;  but  during  that  time 
emits  nothing*  At  length  that  fwelling  ceafes, 
and  the  fait  after  difcharging  a  watry  part  melts 
down  into  a  kind  of  glafs ;  but  is  ftill  difiolvible 
in  water.  If  borax  be  diftilled  with  a  bolar 
earth,  it  fends  out  a  larger  quantity  of  water 
impregnated  very  faintly  with  an  alkaline  qua¬ 
lity.  But  this  quality  feems  only  to  arife  from 
the  alkaline  lixivium  ufed  in  refining  it. 

Alum  has  never  in  pradice  been  diftilled  for 
its  fpirit,  becaufe  vitriol,  which  affords  the 
fame,  is  a  cheaper  material.  Vitriol  is  prepared 
for  diftillation  by  firft  evaporating  its  watry  part 
in  an  earthen  pan  over  an  open  fire.  This  fait 
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contains  fo  large  a  fhare  of  water,  that  with  a 
fmall  degree  of  heat  the  water  contained  in  it 
will  liquify  the  vitriol,  cauflng  it  at  find  to  flow 
like  water  :  but  when  the  humidity  is  evapo¬ 
rated,  the  fait  becomes  dry.  This  operation  is 
called  the  calcination  of  vitriol.  When  the  vi¬ 
triol  is  thus  dry,  it  becomes  of  a  greyifli  white, 
and  in  the  parts  neareft  the  fire,  red.  The  far¬ 
ther  this  calcination  is  pufhed,  the  litter  it  is 
rendered  for  diftillihg  its  fpirit ;  becaufe  it 
fbould  not  clod  together  in  the  diflilling  veflel, 
and  there  is  no  danger,  that  the  moderate  heat 
ufed  in  calcination  fliould  deprive  it  of  any  part 
of  its  acid  fpirit. 

But  how  far  foever  the  calcination  is  con¬ 
tinued,  the  fpirit  afterwards  drawn  from  it  will 
contain  a  watry  part,  which  mull  be  feparated 
by  a 'gentle  diilillation.  What  is  thus  drawn  off 
will  be  acid,  as  well  as  that,  which  remains-, 
and  the  rule,  by  which  the  diilillation  is  regu¬ 
lated,  is  to  continue  it,  till  both  the  liquors  ap¬ 
pear  clearly  tranfparent,  whereas  the  fpirit  after 
the  firft  diilillation,  has  a  blackifh  hue.  The  fpirit 
left  in  the  retort  is  now  faid  to  be  rectified,  and 
to  dillinguifh  it  from  that  which  is  drawn  off,  is 
ufually,  though  very  improperly,  called  oil  of 
vitriol,  it  is  the  heavieil  of  any  fluid,  except 
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quickfilver,  being  not  much  lefs  than  twice  the 
weight  of  water. 

Alum  calcined  in  the  fame  manner,  as  vitriol,: 
exhales  near  as  great  a  quantity  of  water  ;  but 
then  is  reduced  to  a  white  friable  powder, 
which  by  diftillation  affords  the  fame  fpirit, 
as  calcined  vitriol,  and  alio  requires  the  like  rec¬ 
tification. 

If  this  water,  which  evaporates  from  alum, 
be  colledled  by  diftillation,  towards  the  latter 
end  it  acquires  a  fulphureous  fmell  ;  and  the 
like  happens  in  vitriol  alfo. 

The  friable  fubftance,  into  which  alum  cal¬ 
cines  has  a  cauftic  quality  from  the  acid  fpirit 
hill  remained  in  it,  and  now  undiluted  with 
water. 

But  this  powder  will  diftolve  in  water,  and  by 
cryhallization  return  to  alum  again.  From  cal¬ 
cined  vitriol  may  alfo  be  extrafled  with  water 
a  fait,  which  is  not  difpofed  to  (hoot;  but  nnift 
be  obtained  by  firft  flitring  the  water  from  the 
vitriol,  and  then  evaporating  to  drynefs. 

To  expel  the  acid  from  vitriol  or  alum  it  is  ne- 
ceflary  to  place  the  veffel  containing  them  over 
the  fire  in  an  inclofed  furnace,  that  the  flame 
may  encompafs  it,  beating  on  the  top,  as  well 
as  on  the  bottom  and  fides  :  the  fluggifhnefs  of 
this  vapour  requires  alfo,  that  the  vefTel  be  fo. 
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placed,  as  to  give  it  an  exit  laterally.  The  fur¬ 
nace  appropriated  to  this  diftillation  is  called  the 
reverberatory  furnace. 

The  fpirits  of  fea-falt,  and  of  nitre  rife  more 
freely,  and  therefore  neither  require  fo  lateral  an 
exit,  nor  altogether  fo  ftrong  a  fire. 

From  thefe  diftillations  it  appears,  that  thefe 
falts  are  compofed  of  an  acid  fpirit,  and  a  terref- 
trious  part.  Thefe  earths  differ  no  lefs  than 
the  fpirits.  However  thefe  falts  are  not  found  in 
their  refpedtive  forms,  becaufe  the  acid  fpirit 
of  each  is  more  difpofed  to  join  with  thofe 
earths,  than  with  any  other.  On  the  contrary, 
the  acid  of  vitriol  will  fallen  upon  the  earth, 
either  of  fea-falt  or  of  nitre,  if  poured  upon  ei¬ 
ther  of  thofe  falts,  and  dilfolve  the  union  be¬ 
tween  their  earths,  and  the  fpirits,  to  which  they 
were  originally  combined. 

This  affords  a  method  of  obtaining  the  add 
fpirits  from  fea-falt,  and  nitre  with  much 
lefs  heat,  than  by  the  procefs  before  defcribed 
with  clay  or  bole  :  for  when  the  acid  of  vi¬ 
triol  has  been  poured  on  either  of  thefe  falts, 
a  moderate  heat  will  raife  their  acid  fpirits  from 
them.  Thefe  fpirits  fly  off  fo  readily  upon  the 
affufion  of  the  fpirit  of  vitriol,  that  the  opera¬ 
tion  ought  indifpenfably  to  be  performed  under 
a  chimney,  that  the  rifing  fumes  may  be  carried 

away 
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away  from  the  operator  ;  thofe  from  nitre  efpe« 
dally  might  otherwife  be  attended  with  very  fa¬ 
tal  effeds,  fcarce  any  fume  being  more  dedruc- 
tive  to  the  refpiratory  organs,  and  the  life  of  ani¬ 
mals,  than  that  from  nitre.  If  in  the  operation 
with  fea-falt  a  portion  of  water  is  not  added,  the 
fume  is  fo  volatile,  as  fcarce  to  be  confined  in 
the  d filiation. 

In  this  method  of  preparing  thefe  (pints,  the 
oil  of  vitriol  joining  itfeif  with  the  earthy  part  of 
the  fait,  forms  a  new  fait,  which  is  found  in  the 
bottom  of  the  retort.  That,  which  is  ftft  in 
diddling  fpirit  of  fait,  after  it  has  been  difiolved 
in  water  and  crydallized,  is  ufed  often  as  a 
gentle  purge  under  the  name  of  Glauber’s  fa! 
mirabile.  The  cake  left  after  the  didillation  of 
nitre  being  likewife  difiolved  and  crydallized 
refembles  tartarum  vitriolatum,  defcribed  here¬ 
after  and  is  ufually  fold  under  that  name. 

The  fame  effed  as  the  acid  of  vitriol  has  on 
fea-falt  and  nitre,  the  fpirit  of  nitre  alfo  will 
have  on  fea-falt  of  difiblving  the  union  between 
its  earth  and  acid  fpirit.  For  fome  purpofes  in 
metallurgy  a  compound  fpirit  made  by  mixing 
the  acid  fpirits  of  nitre  and  of  fea-falt  together, 
is  required.  This  fpirit  has  obtained  the  name 
of  aqua  regia,  given  it  from  its  power  of  diffolv- 
ing  gold,  by  thofe,  who  have  been  pleafed  to 
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ftyle  gold  the  king  of  metals.  But  to  obtain 
this  compound,  it  is  not  neceffary  to  prepare 
the  two  fpirits  of  nitre  and  of  faltfeparately;  for 
if  fea-falt  be  put  in  fnbftance  into  fpirit  of  nitre, 
the  fpirit  di Pcilled  off  will  bring  along  with  it  the 
fpirit  of  the  fea-falt,  and  leave  a  portion  of  itfelf 
with  the  earthy  part  of  that  fait. 

The  power  in  the  acid  of  vitriol  here  defcribed 
makes  vitriol  itfelf  a  very  commodious  inftru- 
ment  for  feparating  the  acid  fpirit  from  nitre  or 
fea-falt;  for  the  fairs  being  mixt  with  it  and  di- 
ftilled,  more  acid  fpirit  may  be  obtained  from 
the  fame  quantity  of  fait,  than  by  mixing  them 
with  boles  or  clays. 

The  fpirit  of  nitre  thus  diftilled  is  ufually 
called  aqua  fortis.  A  certain  quantity  of  vitriol 
is  neceffary  to  expel  from  the  nitre  all  its  fpirit. 
The  refiners  take  equal  weights  for  their  ftrongeft 
aqua  fortis,  but  ufe  Dantzic  vitriol  ;  the  fpirit 
could  not  be  all  difengaged  from  the  nitre  with¬ 
out  a  greater  quantity  of  ours  ;  but  then  by  the 
redundancy  of  the  watry  part  in  fo  large  a  fhare 
of  vitriol,  the  fpirit  would  be  weakened.  But 
this  may  be  remedied  by  calcining  a  part  of  the 
vitriol  ;  though  if  all  the  vitriol  fhould  be  cal¬ 
cined,  the  fpirit  of  the  nitre,  for  want  of  a  due 
quantity  of  water  to  receive  it,  would  fly  off  in 
an  aerial  vapour  and  be  loft. 


The 
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The  earths  we  before  propofed  for  diftilling 

thefe  fpirits  operate  in  great  meafure  upon  the 

* 

fame  principles :  for  thofe  are  fitted:  for  the  pur- 
pofe  that  partake  of  the  vitriolic  acid. 

The  refiners  diflinguifh  their  ftrongeft  aqua 
fortis  from  a  weaker  fort  made  by  them,  by  the 
name  of  double  aqua  fortis,  the  weaker  being 
called  fingle  aqua  fortis.  This  they  prepare  by 
adding  to  the  nitre  a  greater  quantity  of  vitriol 
in  the  proportion  of  feven  to  five,  without  any 
other  effedl  from  this  increafe  than  diluting  the 
fpirit  with  a  greater  quantity  of  water. 

The  fingle  aqua  fortis,  converted  into  aqua 
regia  by  the  addition  of  fait,  is  ufed  by  dyers  in 
the  dying  of  fcarlet.  What  farther  preparation 
the  fpirit  undergoes,  before  they  apply  it  to  that 
purpofe,  and  why  they  fo  prepare  it,  fhall  be 
fliewn  hereafter.  At  prefent  I  fhall  only  take 
notice,  that  the  tinclure  of  cochineal  in  water  is  of 
a  dark  colour,  but  by  any  acid  a  precipitation 
is  made,  and  the  colour  becomes  a  fcariet ;  but 
the  forementioned  fpirit  makes  it  of  the  brightest 
colour. 

( Here  the  experiment .) 

The  fpirit  of  fait,  and  of  nitre  prepared  with 
oil  of  vitriol,  as  above  defcribed,  ftnoke  incef- 
fantly,  when  expofed  to  the  air.  It  is  remark¬ 
able,  that  thefe  fumes  are  heavier  than  the  air9 
,  ■JN’  though 
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though  they  rife  fo  freely  ;  for  they  foon  tend 
downward.  They  are  raifed  from  the  fpirit,  not 
by  their  natural  volatility,  but  by  the  air’s  im- 
bibing  them  :  fo  that  the  air  is  properly  a  men- 
ftruum  to  thefe  fpirits,  and,  as  it  were,  diflolves 
them,  and  difperfes  them  about  itfelf.  The  ac¬ 
tion  is  between  the  watry  part  of  the  ah,  and  thej 
acid  of  thefe  fpirits.  Oil  of  vitriol  is  too  pon¬ 
derous  to  fume  ;  therefore  on  the  contrary,  that 
fpirit  imbibes  the  humidity  of  the  air  fo  much, 
that  if  it  ftand;  any  time  in  an  open  veffel,  it  in- 
creafes  confiderably  in  quantity. 

As  the  acid  of  thefe  fpirits  unites  itfelf  with 
the  watry  vapours  of  the  air ;  fo  on  the  other7 
hand,  the  airfuftains  the  vapours  raifed  in  it  by 
its  acid  a£Hng  on  them.  The  fufpenfion  of  va¬ 
pours  in  the  air  not  having  been  confidered  in 
this  light,  philofophers  have  been  at  a  great 
lofs  to  account,  how  the  heat  of  the  fun  fhould 
fo  rarify  the  water,  as  to  make  fome  particles  of 
it  lighter  than  air,  which  they  have  always  fup- 
pofed  neceflary  to  be  done,  that  the  vapours 
might  be  fufpended.  But  it  is  evident,  that  the 
air  will  even  imbibe  water  without  much  heat  r- 
a  wet  cloth  in  the  coldeft  night  fhort  of  freezing 
will  gradually  dry.  The  warmth  of  the  air  con— 
tributes  indeed  much  to  the  elevation  and  fuf¬ 
penfion  of  vapours,  both  becaufe  water  is  a  vo¬ 
latile 
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latile  fubdance,  and  raifed  with  a  fmall  heat, 
and  as  heat  increafes  the  adtion  of  all  men- 
flruums.  But,  though  heat  alone  will  raife  va¬ 
pours  from  water,  without  the  adtion  of  the  air 
upon  them  they  foon  fall  again. 

When  the  vapours  have  diffufed  themfelves 
high  in  the  air,  by  the  cold  of  thole  upper  re¬ 
gions  they  are  condenfed  into  vifible  clouds.  Ia 
winter  the  coldnefs  of  the  lower  air  will  con- 
denfe  them,  and  caufe  fogs  ;  a  fog  being  only  a 
cloud  flying  contiguous  to  the  ground.  But  in 
the  warmed  weather  the  air  high  above  us  has 
but  little  heat.  The  heat,  we  have  here  upon 
the  earth  from  the  fun,  is  two  fold.  One  is  the 
degree  of  heat  refuiting  from  our  particular 
diftance  from  that  globe  of  heat,  as  well  as  of 
light.  The  heat  we  receive  from  this  caufe  is 
that,  which  we  compare  with  the  like  heat  other 
planets  receive  from  the  fun  ;  and  is  the  fame  to 
us  by  night  as  by  day.  The  other  caufe  of  heat 
from  the  fun  is  the  adlion  of  its  rays  upon  the 
bodies,  they  fhine  on  :  and  different  bodies  re¬ 
ceive  very  different  degrees  of  heat  from  thence. 
Metals,  and  other  the  mod  denfe  bodies,  con¬ 
ceive,  by  lying  in  the  fun,  the  greated  heat : 
but  bodies  of  lefs  denfity  are  lefs  heated  by  the 
fame  degree  of  fun-fhine.  The  air,  being  a 

N  2  very 
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very  rare  body,  will  receive  but  final!  heat  from 
the  fun’s  rays  palling  through  it.  The  heat  of 
the  lower  air  is  refle&ed  from  the  earth.  The 
great  heat  of  the  lower  air  above  the  upper  is 
that,  which  caufes  hail.  The  upper  air  by  its 
cold  has  frozen  the  vapour  into  fnow,  which  in 
falling  is  fo  far  melted,  as  to  unite  together  in¬ 
to  a  body  of  ice,  which  fnow  always  does,  when 
it  begins  to  melt.  Hence  it  is*  that  hail  falls 
in  warmer  weather,  than  fnow  does,  and  hail* 
flones  are  frequently  found  with  fnow  in  the 
middle. 

I  fhall  now  fay  fomething  of  the  method,  how 
thefe  falts  are  obtained  originally. 

Sea-falt  is  got  by  evaporating  the  fe  a -water* 
which  in  warm  countries  is  done  by  the  heat  of 
the  fun.  Thus  bay-falt  is  made.  In  hot  fu ai¬ 
mers  bay-falt  is  fometimes  made  in  England. 
But  in  this  country  we  fupply  the  want  of  fun 
by  adhial  fires.  In  the  fait- works  near  New- 
caftle,  where  coals  are  of  little  coft,  they  boil 
away  the  water  dire&ly  taken  out  of  the  fea. 
In  other  places  they  fpread  the  water  into  fhal- 
low  fquare  receptacles  dug  in  the  ground,  which 
they  call  pans,  where  the  water  in  part  eva¬ 
porates  firft  ‘y  and  then  they  finifli  the  work  by 
lire. 


The 
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The  fame  kind  of  fait  is  alfo  dug  out  of  the 
earth,  and  is  cleanfed  from  the  impurities  mixt 
with  it,  by  diffolving  it  in  water. 

There  are  alfo  fait  fprings,  whofe  water  boiled 
away  leaves  juft  the  fame  kind  of  fait.  We 
have  feveral  of  thefe  in  England.  In  thefe  the 
water  is  much  more  ftrongly  impregnated  with 
fait  than  the  water  of  the  fea.  In  boiling  away 
thefe  waters  to  coliedt  the  fait,  they  free  them 
from  impurities  by  mixing  with  them  blood  or 
the  whites  of  eggs.  Blood,  in  particular  the  fe« 
rous  part,  and  the  whites  of  eggs  coagulate  by 
heat :  ftirred  therefore  with  the  boiling  liquor, 
while  they  coagulate,  they  intangle  the  impuri¬ 
ties,  and  rife  with  them  up  to  the  top.  Where 
fait  is  made  from  fea-water,  and  the  water  has 
flood  in  pans  a  great  length  of  time  to  evapo¬ 
rate  ;  its  foulnefs  fubfides,  fo  that  it  is  not  ne- 
ceffarv  to  clarify  it. 

0  * 

I  faid  above,  that  this  fait  cryftallizes,  while 
the  water  is  hot.  1  he  grains  are  rendered 
larger  by  this  artifice.  Some  undluous  or  reft- 
nous  fubftance  (fuppofe  rofin,  or  what  is  at  pre-> 
fent  particularly  in  efteem,  gum-fanders)  mixt 
with  butter  is  in  a  fmail  quantity  dipt  into  the 
liquor,  when  it  is  boiled  fo  far  away,  that  the 
fait  would  foon  be  left  a  dry  cake,  and  then  the 
fire  is  checkt,  that  the  liquor  may  juft  ceaie 
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from  boiling.  The  oily  fubftance  fpreads  itfelf 

\ 

over  the  iurface  of  the  liquor,  and  contributes 
to  feparate  an  acrid  faline  fubftance  contained 
in  the  liquor,  which  would  obftruCt  the  cryftal- 

lization  of  the  fait.  It  has  been  lately  difcover- 

* 

ed,  that  a  very  minute  quantity  of  alum  will 
perform  this  ftill  more  effectually.  The  fait 
granualtes  at  the  top  of  the  liquor,  and  falls  to 
the  bottom.  This  is  taken  out  with  ladles,  and 
laid  in  troughs  perforated,  that  it  may  drain. 
The  liquor,  that  drains  from  the  fait,  contains 
another  fait,  that  will  alfo  cryftallize,  but  not 
while  the  liquor  is  hot.  But  this  liquor  being 
left  open  to  the  air,  this  fait  feparates  out  of  it, 
and  concretes  into  large  irregular  lumps,  which 
being  diffolved  again  divides  into  the  fore- 
mentioned  acrid,  faline  fubftance,  which  does 
not  ftioot  into  cryftals,  but  only  fubfides,  and 
another  fait,  which  cryftallizes  over  it,  thofe 
,  two  being  feparated  by  a  thin  cruft  of  common 
fait.  This  cryftallized  fait  refembles  that  con¬ 
tained  in  the  purging- fprings.  And  this  is  the 
fait,  which  is  every  where  fold  under  the  name 
of  Epfom  fait. 

All  the  nitre,  which  has  long  been  nfed  with 
us,  comes  from  India,  where  it  is  made  from 
the  earth  of  a  foil  near  the  city  of  Patna  abound¬ 
ing  with  it,  much  after  the  fame  manner,  in 

which 
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which  it  was  formerly  made  here,  and  is  dill  in 
feveral  countries  in  Europe,  from  earth  expofed 
long  to  the  air,  but  kept  covered  from  the 
fun  and  rain,  -boiling  this  earth  in  water  to  ex¬ 
tract  the  fait,  and  flitring  the  water  through 
afhes  to  free  it  from  an  oilinefs,  which  comes 
along  with  the  fait  from  the  earth. 

Alum  is  dug  out  of  particular  mines,  and  is' 
contained  in  a  done,  which  is  fird  to  be  calcined, 
then  fteept  in  water,  by  which  the  alum  is  ex¬ 
tracted.  A  water  alfo  fometimes  iffues  from  the 
fides  of  the  mine,  which  yields  pure  alum,  by 
evaporating  with  the  fun’s  heat  only.  But  to 
the  alum  extracted  by  water  from  the  calcined 
atones,  fo  much  of  the  dony  part  dill  adheres, 
that  it  is  necedary  to  feparate  it,  that  the  alum 
may  crydallize.  This  is  performed  with  kelp 
and  dale  urine.  How  thefe  materials  accom* 
plifh  this,  will  appear  at  our  next  meeting. 
Kelp  is  the  afhes  of  the  kali,  and  often  hangs 
about  oyder-barrells. 

Vitriol  is  of  three  kinds,  green,  blue  and 
white.  They  agree  in  the  fame  acid  fpirit. 
The  green  is  mod  ufed,  and  this  kind  is  ufually 
called  copperas.  Thefe  vitriols  differ  chiefly  in 
a  fmall  portion  of  metal,  which  is  in  them. 
The  blue  vitriol  has  copper  in  it,  the  white,  the 

N  4  mineral 


A  COURSE  Part  III* 


mineral  called  zink,  and  the  green,  iron,  of 
which  indeed  they  all  in  fome  meafure  partake. 

The  green  vitriol  is  made  here  in  England, 
and  is  freer  from  any  other  metal,  but, iron,  than 
any  of  the  foreign.  It  is  drawn  from  Hones 
found  on  the  fea  fnore  in  places,  where  the  foft 
earth  is  walked  by  the  fea.  In  fuch  places,  as 
the  earth  is  continually  worn  away  by  the  furges, 
thefe  Hones  are  uncovered.  Thefe  Hones  muft 
lie  fome  years  expofed  to  the  fun  and  rain  ;  till 
•at  length  a  liquor  runs  from  them,  which  is 
boiled  up  with  iron.  The  iron  is  corroded  and 
con  fumed  with  the  liquor.  The  liquor  being 
boiled  away  to  a  proper  degree,  and  fet  in  cool¬ 
ers,  the  copperas  cryHallizes  to  the  bottom  and 
Tides  of  the  cooler.  The  iron  furnifhes  the  cop¬ 
peras  with  fome  of  its  metallic  parr,  but  not 
with  all  of  it :  for  copperas  may  be  made  from 
this  liquor  without  iron,  though  not  fo  plenti¬ 
fully  ;  and  fometimes  copperas  is  found  to  be 
fhot  from  the  liquor  before  boiling,  as  it  lyes 
in  the  fun. 

The  liquor  is  boiled  in  leaden  vefiels  j  be- 
caufe  it  will  corrode  iron  and  copper. 

Thefe  Hones  contain  fulphur  or  brim  Hone  in 
them,  alfo  iron„  Hereafter  we  fhall  fee,  that 
common  brimflone  contains  the  fame  acid  fpirit. 
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as  is  produced  from  vitriol.  While  thefe  ftones 
lye  in  the  open  air,  they  undergo  a  kind  of  fer¬ 
mentation,  whereby  the  acid  fpirit  is  fet  ioofe 
from  the  other  parts  of  the  fulphur.  This  fpirit 
thus  difengaged  corrodes  the  iron,  and  produces 
vitriol.  That  this  fpirit  will  convert  iron  into  a 
fait  refembling  vitriol,  we  fhall  fee  hereafter. 
As  the  acid  fpirit  in  thefe  ftones,  is  more  than 
what  fuffices  for  the  iron  in  them,  iron  added  in 
the  boiling  of  the  liquor  increafes  the  quantity 
pf  the  vitrioi. 

In  Saxony  near  fome  of  the  copper-mines 
they  find  an  earth  and  ftone,  which  fteept  in 
boiling  water,  as  foon  as  dug  up,  impregnates 
the  water  with  copperas,  which  is  obtained  only 
by  boiling  away  the  water,  till  the  copperas  will 
{hoot  from  it. 

At  the  fame  place  white  vitriol  is  made  by 
fteeping  in  cold  water  a  particular  kind  of  lead 
ore,  which  contains  zink  or  fpelter,  and  boiling 
down  the  water,  till  the  vitriol  will  fhoot  from 
it.  And  then  the  vitriol  is  farther  whitened, 
and  fome  part  of  its  humidity  evaporated  by 
another  operation  upon  it,  which  they  call  cal¬ 
cining  it.  This  is  performed,  by  putting  it  in¬ 
to  a  copper  veil'd,  and  with  a  proper  heat  melt¬ 
ing  the  vitriol  and  boiling  it  for  fome  time,  after¬ 
wards 
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wards  it  is  removed  into  wooden  troughs,  where 
if  is  ftirred  about,  till  cold. 

Ifthefe  {tones  abound  in  copper,  blue  vitriol 
will  be  produced.  Of  thefe  we  have  none  in 
England. 

In  Germany  blue  vitriol  is  prepared  by  mixing 
together  two  minerals,  one  of  which  furnifhes 
the  vitriolic  fpirit,  the  other  being  a  poor  kind 
of  copper  ore.  They  are  beaten  to  powder,  and 
walhed  from  the  light  earth  mixed  with  them, 
then  calcined  together  for  fame  time,  and  after¬ 
wards  boiled  in  water. 

In  fome  countries  copperas  Hones  abound 
much  more  with  fulphur  than  ours..  Common 
brimftone  is  frequently  melted  out  of  fuch 
ftones. 

Borax  is  obtained  by  cryftallization  from  a 
mineral  called  tincal  *,  after  the  tincal  has  been 
duely  purged  from  an  un£tuous  part,  wherewith 
it  is  charged.  This  fait  alfo  fhoots  from  the 
liquor  while  hot,  and  beft,  if  the  veffel  be  co¬ 
vered. 
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LECTURE  XIIL 


IN  the  mineral  falts,  I  have  had  under  exa¬ 
mination,  the  acid  principle  appears  in  fuller 
force,  than  it  does  in  vegetable  fubjedts. 

Wherein  the  acid  fpirits  differ  from  each 
other  is  difficult  to  fay.  Poffibly  they  all  agree 
in  one  common  acid  principle,  and  that  their 
difference  arifes  from  fome  adventitious  matter, 
to  which  the  acid  is  joined.  Whoever  could 
prove  this,  or  could  certainly  fhew  the  contrary, 
would  make  an  important  difcovery  in  chemiftry. 
In  the  mean  time  we  may  obferve,  that  there 
are  but  four  acid  fpirits  known  in  nature  ;  the 
vegetable  acid,  (which  appears  in  its  greateft 
purity  in  vinegar,)  the  fpirits  of  nitre,  of  fea-falt 
and  of  vitriol. 

r  1  T  , 

By  the  diflillations  defcribed  in  the  preceding 
ledture,  it  appears  of  all  thefe  falts,  except  bo¬ 
rax,  that  they  are  compounded  of  an  acid  fpirit, 
which  is  expelled  from  them,  and  of  an  alkaline 
earthy  part,  wherewith  the  acid  was  united.  By 
this  union  the  acid  tafle  is  loft,  and  another  pro¬ 
duced  *,  infomuch  that  both  the  acid  and  al¬ 
kaline  qualities  difappear,  and  fome  third  qua- 

lity. 
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lity,  differing  from  either,  refill ts  from  their 
union. 

The  experiment  may  be  made  thus.  The 
acid  fpirit  is  to  be  poured  by  degrees  on  a  folu- 
lion  of  fome  alkaline  fait  in  water,  or  on  an  ah 
kaline  earth  in  powder.  At  the  firft  affufion  a 
ftrong  effervefence  arifes  •,  and  as  foon  as  that 
has  ceafed,  more  of  the  acid  is  to  be  poured  on, 
and  the  operation  repeated  from  time  to  time, 
till  no  farther  effervefcence  is  obferved.  Care  is 
to  be  ufed,  that  the  folution  be  poured  on  no 
longer,  than  till  the  liquors  juft  balance  each 
other.  Then,  if  this  liquor  be  duly  evaporated, 
a  fait  will  fhoot  from  it. 

When  the  experiment  is  made  with  fpirit  of 
nitre,  and  a  fixt  alkaline  fait,  the  fait  obtained 
refembles  nitre  fo  much,  as  fcarce  to  be  diftin- 
guiihed  from  it :  it  feems  to  be  the  very  fame 
fait. 

The  fait  thus  produced  from  the  fpirit  of  fea- 
fak  (hoots  into  the  fame  form,  as  fea-falt  itfelf  ; 
but  has  not  the  fame  take.  Here  the  fait  pro¬ 
duced  in  part  refembles  the  original  fait,  whence 
the  fpirit  was  drawn,  but  not  fo  perfectly  as  in 
the  former  cafe.  The  earthy  part  therefore  of 
nitre  feems  to  be  the  fame,  as  that  of  fixt  alka¬ 
line-fair,  which  is  a  vegetable  earth.  The  earthy 
part  of  fea-falt  is  fomethin'g  different. 


When 
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When  the  acid  fpirit  of  alum,  and  that  called 

oil  of  vitriol,  is  poured  in  like  manner  on  a  Ext 

alkaline  fait,  the  fait  produced  differs  yet  more 

from  the  original  fait,  whence  the  acid  was  ex« 

traded.  This  is  moil  commonly  made  with  oil 

of  vitriol  and  fait  of  tartar,  and  is  called  tartarum 

* 

vitriolatum. 

( Here  mix  ol.  vitriol .  with  fal  tartar,  for  tart \ 
vilriolat.) 

If  thefe  experiments  are  made  with  a  volatile 
alkali  inftead  of  a  fixt,  a  faline  body  in  fome  de« 
gree  volatile  is  produced. 

If  fpirit  of  fait  be  poured  gradually  upon  any 
animal  volatile  fpirit,  as  upon  fpirit  of  hartf- 
horn,  of  urine  or  the  like,  it  produces  a  fait  like 
that  called  fal  ammoniac,  fo  named  from  the 
temple  of  Jupiter  Ammon,  or  at  lead  from  the 
fands  of  the  neighbouring  defart,  being  conceiv¬ 
ed  to  have  been  originally  produced  from  the 
urine  of  the  camels  pafling  through  that  defart 
by  its  mixing  with  a  faline  foil.  It  is  at  prefent 
made  in  Egypt,  but  by  what  prccefs  has  not  yet 
been  perfectly  known  to  us. 

If  this  fait  be  put  in  a  low  glafs  veflel  with  a 
wide  mouth  or  in  a  retort,  and  fet  in  fand,  by  a 
ilrong  degree  of  fire  gradually  railed  upon  it, 
the  fait  wiil  wholly  fublime,  except  a  few  earthy 
dregs  left  at  the  bottom. 


Though 
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Though  this  is  an  operation  of  little  value, 
for  the  fait  is  better  purified  by  folution  in  water. 
Yet  if  a  portion  of  a  fixt  alkaline  fait  be  added 
to  it,  it  will  rife  very  white,  otherwife  not. 

But  by  mixing  the  alkaline  fait  in  a  due  pro¬ 
portion,  the  fal  ammoniac  may  be  decompound¬ 
ed,  and  the  principles  of  which  it  conflfts  made 
very  manifeft;  for  the  alkaline  fait  will  draw  to 
itfelf  and  retain  an  acid  fimilar  to  that  of  fea  fait, 
and  difengage  a  volatile  alkaline  fait  perfe&ly 
refembling  that  obtained  from  animal fubftances, 
which  by  this  means  will  afcend  alone.  If  wa¬ 
ter  be  added  to  the  mixture  it  comes  over  in  the 
form  of  a  fpirit,  and  is  called  the  fpirit  of  fai 
ammoniac. 

What  remains  at  the  bottom  is  no  other  than 
the  fpirit  of  fea-falt  joined  with  the  fixt  fait  made 
ufe  of. 

The  volatile  fait  from  fal  ammoniac  is  freer 
from  oil  than  any,  we  have  hitherto  produced 
from  other  fubftances.  It  may  be  impregnated 
with  the  flavour  of  vegetable  oils  in  this  manner. 
Put  any  aromatics  of  an  agreeable  odour  into 
fpirit  of  wine  together  with  feme  fal  ammoniac, 
and  a  quantity  of  fixt  alkaline  fait :  then  diftil 
the  whole  in  a  gentle  heat.  The  fixt  alkali  fe- 
parates  from  the  fal  ammoniac  its  volatile  fait, 
while  the  fpirit  of  wine  extracts  the  odoriferous 

oils 
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oils  from  the  other  ingredients.  Thus  the  fpirit 
comes  aver  impregnated  with  thofe.oils  and  vo¬ 
latile  fait  united.  This  preparation  is  called 
fpiritus  falis  voladlis  oleofi.  And  may  be  more 
compendioufiy  made  by  diftilling  fpiritus  falis 
ammoniaci  dulcis  from  aromatic  effential  oils.  * 
The  acid  fpirits  of  all  the  fairs,  except  nitre* 
have  a  ftronger  tendency  to  unite  with  the  alka¬ 
line  falts,  than  with  their  own,  or  any  other 
earth.  The  vegetable  acid  in  tartar  ferments 
with  an  alkaline  lalt,  and  depofits  its  own  earth. 
A  folution  of  an  alkaline  fait  poured  on  a  folu- 
tion  of  fea-falt,  alum,  or  vitriol  makes  a  preci¬ 
pitation  from  them. 

In  nitre,  if  pure,  the  experiment  does  not 
fueceed,  whofe  earthy  part  is  the  fame  with  that 
of  the  fixt  alkaline  fait,  as  appears  both  by  the 
experiment  above  defcribed  of  regenerating  nitre 
from  its  fpirit,  and  a  fixt  alkaline  fait,  and  alfo 
from  the  production  of  a  fixt  alkaline  fait  from 
nitre  by  a  procefs  prefently  to  be  defcribed  of 
burning  out  its  acid  fpirit. 

Though  either  of  the  alkaline  falts  produce 
the  effects  now  mentioned,  yet  there  is  a  diffe¬ 
rence  in  their  aciing  on  thefe  fpirits  ;  for  the 
fpirits  have  a  ftronger  tendency  to  unite  with  the 
fixt  alkali,  than  with  the  volatile. 


Upon 
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Upon  this  principle  it  is,  that  the  volatile  fait  is 
recovered  again  out  of  the  fal  ammoniac  by  the 
help  of  a  fixt  alkaline  fait. 

The  power  in  alkalis  now  mentioned  to  make 
a  precipitation  from  alum  is  the  reafon,  why 
they  are  ufed  in  the  manufacturing  that  fait. 
Without  their  help  the  alum  would  contain  too 
much  of  this  {tony  part,  which  they  precipitate. 

This  property  of  alum  has  made  it  ufeful  for 
preparing  feveral  pigments. 

Mr.  Boyle  has  in  good  meafure  deferibed  the 
method.  And  Antonio  Neri,  in  his  art  of  mak¬ 
ing  glafs,  is  {till  more  particular  in  his  account  of 
them,,  He  calls  thefe  pigments  lacs. 

A  lixivium  or  lie  of  moderate  ftrength  being 
made  with  a  fixt  fait  (if  you  pleafe  its  force  may 
be  increafed  with  a  little  lime.J  With  this  lixi¬ 
vium  is  to  be  extracted  in  a  gentle  heat  the  tinc¬ 
ture  of  any  flowers,  woods,  or  the  like,  whofe 
colours  will  not  be  fpoiled  by  the  fixt  fait.  This 
tincture  being  (trained  off,  is  to  be  fet  over  a  fire 
and  boiled,  and  as  much  alum  thrown  into  its 
as  it  will  diflblve.  Straightway  the  {tony  part 
of  the  alum,  precipitated  by  the  fixt  fait,  will 
feparate  from  the  liquor,  tinged  with  the  colour 
of  the  tinCture. 

The  Pruflian  blue,  a  colour  in  great  reputa¬ 
tion,  is  made  after  the  like  manner,  though  the 

pro- 
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procefs  is  a  little  more  complex.  It  is  this. 
They  firft  mix  a  quantity  of  blood  dried  with  art 
equal  weight  of  fixt  fait,  and  calcine  them  to¬ 
gether  in  a  covered  crucible.  The  heat  at  firft 
fhould  be  gentle,  afterwards  raifed.  The  mat¬ 
ter  during  the  calcination  flames  and  glows. 
The  higher  the  calcination  is  carried,  the  deeper 
will  the  colour  be.  When  the  calcination  is 
finifbed,  they  break  the  matter  in  a  mortar,  and 
boil  it  fome  time  in  water  :  one  pint  of  water  is 
enough  for  each  ounce  of  the  blood  ufed.  Then 
for  each  ounce  of  blood  one  quarter  of  an  ounce 
of  Englifli  vitriol  calcined,  till  it  is  white,  and 
half  an  ounce  of  alum,  or  more,  are  to  be  dif- 
folved  together  in  the  fame  quantity  of  boiling 
water,  the  two  liquors  are  to  be  filtred,  then 
mixt  together  boiling  hot.  Immediately  enfues 
a  great  ebullition  and  green  colour.  The  mix¬ 
ture  is  poured  from  one  veffel  to  another  as  long 
as  the  ebullition  continues,  After  this,  being 
drained  through  a  cloth,  a  pigment  is  left 
behind. 

When  this  is  well  wafhed  to  free  it  from  the 
loofe  fairs,  it  becomes  of  a  beautiful  blue  co¬ 
lour  *,  or  if  it  prove  lefs  perfed,  a  little  fpirit  of 
fait  reaailv  correds  the  defed. 

Upon  the  fame  principles  alum  is  ufeful  in 
dying.  All  the  dyers  of  woollen,  except  thofe 

O  who 
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who  dye  in  fcarlet,  boil  their  cloth  with  alum, 
before  they  put  them  into  the  tinged  liquor, 
that  is  to  give  it  its  colour  and  with  all  their 
colours,  except  cochineal,  they  mix  either  fome 
fixt  fait,  as  pearl-allies  or  pot- allies,  or  elfe  putrid 
urine.  Thefe  alkalis  extract  the  acid  of  the 
alum  adhering  to  the  cloth,  leaving  the  Itony 
part,  which  I  have  already  (hewn,  that  thofe 
fubftances  extrad  from  alum  j  and  this  itony  part 
of  the  alum,  is  a  body  proper  to  receive  the 
dye.  In  order  to  fix  this  itony  part  of  the  alum 
firmly  to  the  cloth,  they  find  it  ufeful  to  add 
tartar  to  the  alum.  They  boil  their  cloth  be* 
fore  dying  in  water,  wherein  both  alum  and 
tartar  are  together  diiTolved  after  the  rate  of  a- 
bout  thirty  pounds  of  tartar  to  eighty  of  alum. 

,  I  mentioned  juft  now,  that  nitre  might  be 
converted  into  an  alkaline  fait,  by  burning  out 
its  acid  fpirit  *,  this  may  be  performed  after  the 
following  manner. 

If  nitre  be  melted  in  a  crucible  and  pieces  of 
charcoal  thrown  upon  it,  it  will  fiaili  and  blaze 
out  vehemently.  This  operation  may  be  re¬ 
peated  fo  long,  till  no  farther  flafhing  will  follow 
the  throwing  in  of  the  coals.  Then  what  re¬ 
mains  of  the  nitre,  is  a  fixt  fait,  and  mav  be  fe- 
parated  from  the  afhes  of  the  coal  by  fteeping 
them  in  water,  and  proceeding  according  to  the 

i  method 
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method  before  taught  for  extrading  the  fixt  fait 
from  vegetable  a  flies 

O 

Thisprocefs  is  called  the  detonation  of  nitre. 

The  like  denotation  happens,  though  not  fo 
Vehement,  when  nitre  and  tartar  are  rnixt  toge¬ 
ther  in  equal  portions,  and  thrown  gradually 
into  a  red-hot  crucible.  And  by  this  means  a 
ilrong  alkaline  fait  is  inftantly  produced. 

Nitre  expofed  alone  to  the  greateft  heat  will 
never  take  fire*  but  melt  like  other  fairs.  But 
if  added  to  any  inflammable  fubftadces,  it  very 
highly  inereafes  their  inflammability:  for  this 
fulmination  fucceeds,  whatever  inflammable 
fubftance  is  thrown  upon  the  nitre. 

The  fpirit  of  nitre,  drawn  as  before  defcribed 
with  oil  of  vitriol*  will  burft  out  into  a  flame, 
when  poured  on  half  its  quantity  of  any  oil  very 
free  from  acidity  ;  fuch  as  the  ponderous  oils  of 
the  eaftern  fpices,  and  animal  oils. 

Italfo  appears  farther,  that  the  concurrence  of 
an  inflammable  fubftance  is  neceftary  toward  the 
produ&ion  of  fixt  alkaline  fait ;  for  when  the 
acid  of  the  nitre  is  expelled  by  firm  pie  diftilla- 
tion,  the  earthy  part  only  of  the  nitre  is  left 
but  here  a  part  of  the  acid  feems  to  be  retained, 
and  fo  united  with  a  portion  of  the  fulphur  of 
the  coals,  that  it  cannot  be  feparated  from  the 
fait  in  any  other  form,  than  that  of  an  aeri-al  va- 

O  2  pour. 
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pour.  And  this  effect  is  produced  by  diddling 
any  fixe  alkaline  laic  mixt  with  thrice  its  weight 
of  bone-afhes  or  the  like  Ample  earth.  We 
dial!  hereafter  fee  other  methods  of  producing 
air  from  a  union  of  acid  and  fulphur. 

The  experiment  fucceeds  bed,  when  the  didil- 
lation  is  finifhed  with  a  moderate  fire. 

This  is  a  very  indrudive  experiment.  In  the 
fird  place  it  fhews,  to  what  part  of  the  nitre  we 
mud  aferibe  its  power  of  increafing  the  inflam¬ 
mability  of  bodies.  In  the  next  place  this  ex¬ 
periment  fliews  us,  to  what  principles  the  phof- 
phori  owe  their  fudden  inflammability.  The 
pholphorus  from  urine  diffolves  in  the  air  into 
an  acid  liquor;  therefore  is  compounded  of  an 
acid  and  inflammable  fubdance  united  together. 
The  phofphorus  with  alum  to  be  deferibed  at 
our  next  meeting,  has  the  acid  fpirit  of  the  alum 
joined  to  an  inflammable  fubdance. 

We  may  alfo  learn  from  hence,  on  what  prin¬ 
ciples  the  air  procures  the  inflammability  of 
bodies.  That  the  air  contains  in  it  an  acid,  its 
effed  on  metals  makes  manifed,  as  we  fhail  fee 
hereafter ;  nay  that  the  acid  of  the  air  nearer 
refembl.es  that  of  nitre,  than  any  other  known 
to  us.  And  by  this  experiment  it  appears  pro¬ 
bable,  that  inflammable  bodies  are  fet  on  fire, 
by  the  acid  of  the  air  ading  on  the  inflammable 

fuh- 
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fubftance  in  the  body.  As  a  certain  degree  of 
heat  is  required  to  excite  this  adlion,  fo,  where 
the  body  already  contains  a  large  portion  of  an 
acid  fpirit,  that  fpirit,  when  the  body  is  heated, 
aflifts  the  air  in  its  operation  ;  fo  that  a  lefs  heat 
is  necefTary  to  fire  thofe  bodies  than  others. 
Hence  it  is  that  not  only  the  phofphori  take  fire 
fooner  than  other  bodies  ;  but  common  brim- 
flone  (which  we  fhall  find  hereafter  to  be  com¬ 
pounded  of  an  inflammable  undtuous  fubftance 
and  an  acid  fpirit)  catches  fire  with  lefs  heat  than 
fimple  oil. 

The  reafon,  why  our  experiment  fcarce  fuc- 
ceeds  with  oils,  that  have  any  acidity  in  them, 
is  this.  The  oils  are  cold,  wherewith  the  expe¬ 
riment  is  made,  therefore  the  acidity  within 
them  is  not  put  in  adtion  to  contribute  any  thing 
toward  their  heat.  And  the  adtion  between  the 
acid  fpirit  poured  on,  and  the  oil  is  much  ftrong- 
er,  where  the  oil  is  wholly  deftitute  of  acidity, 
than  in  oils,  that  have  already  fome  portion  of 
acid ;  juft  as  we  fee  in  the  faline  liquors,  which 
ferment,  the  fermentation  is  ftronger  upon  the 
firft  affufion  than  afterwards.  Common  brim- 
ftone  being  at  full  impregnated  with  acid,  will 
not  be  adted  on  at  all  either  by  the  acid  of  nitre 

any  other, 
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But  by  the  affufion  of  every  acid  fpirit  upon 
any  oil,  a  degree  of  heat  will  be  produced, 
though  it  be  not  great  enough  to  fet  the  oil  on 
fire.  The  forementioned  fpirit  of  nitre  will  fet 
even  oil  of  turpentine  on  fire,  if  its  aftion  be 
alMed  by  making  the  oil  firft  a  little  warm. 

The  acid  fpirits  will  alfo  excite  a  great  heat 
and  fermentation  with  fpirit  of  wine.  Mixing 
thus  thefe  acid  fpirits  with  the  vinous  one  is 
called  dulcifying  them.  The  fpirits  of  fait  and 
of  nitre  are  commonly  thus  dulcified,  that  they 
may  be  taken  fafeiy  into  the  ftomach5as  medicines. 

After  they  are  mixt,  it  is  ufual  to  diftii  them  ; 
by  this  means  the  acid  fpirits  are  certain  to  be 
impregnated  with  their  due  quantity  of  the  vi¬ 
nous  fpirit. 

When  oil  of  vitriol  is  mixt  with  fpirit  of  wine, 
the  mixture  upon  difbillation,  parts  into  different 
liquors,  though  not  into  thofe  whereof  it  is  com¬ 
pounded.  Mr.  Boyle  describes  this  procefs  at 
large.  The  firft  liquor,  that  afcends  with  a  very 
gentle  heat,  is  a  light  fpirit  more  inflammable,  if 
poffible,  than  fpirit  of  wine  itfelf,  and  differs 
from  fpirit  of  wine  in  its  fmell.  Moreover,  if 
this  procefs  is  conduced  with  proper  circum- 
ffances,  the  liquor  produced,  though  by  its 
great  levity  and  volatility  it  retains  the  name  of 
fpirit,  is  in  reality  an  oil  5  for  it  will  not  unite 

with 
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with  water,  and  is  the  fpiritus  vini  aetherius  in¬ 
troduced  among  us  under  this  name  by  a  Ger¬ 
man  chemift,  Frobenius.  This  inflammable  fpirit 
is  followed  by  others.  At  laid  a  black  pitchy 

fub*ftance,  but  taftelefs,  and  not  inflammable,  is 

* 

left  behind. 

This  property  in  vinous  fpirits,  of  mixing 
with  and  dulcifying  acid  ones,  is  that,  which 
gives  them  the  power,  we  formerly  mentioned, 
of  checking  fermentation  in  vinous  liquors. 
Dulcified  fpirit  of  nitre  will  not  ferment  with  lixi- 
vial  falts. 

The  acid  fpirits  in  fome  meafure  coagulate  all 
oils,  they  are  mixt  with.  The  fpirit  of  nitre 
will  not  incorporate  wholly  with  olive  oil ;  but 
though  the  oil  remains  on  the  top  of  it,  it  will 
receive  fuch  an  alteration  from  the  fpirit,  as  to 
become  of  the  confiflence  of  butter.  Oil  of  vi¬ 
triol  mixt  with  effential  oils  unites  with  them  in¬ 
to  the  folid  conilftence  of  a  pill. 

From  this  effedl  of  acids  on  oleaginous  fub- 
(lances,  we  may  form  a  probable  conjedlure 
concerning  the  caufe  of  that  furprizing  property 
of  the  ferum  of  the  blood,  and  of  the  white  of 
eggs,  peculiar  to  the  animal  juices,  that  of  be¬ 
ing  coagulated  in  its  whole  fubflance  by  a  fmall 
heat  :  for  the  flrong  acids  have  the  fame  effect 
upon  them  without  any  heat,  and  alkaline  fpirits 
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ob ftruft  this  cffed  of  heat,  as  Mr.  Boyle  has 
difcovered.  It  is  therefore  reafonable  to  fup- 
pofe  the  blood  charged  with  fo  much  of  an  acid 
principle  as  will  produce,  by  the  means  of  heat 
to  augment  the  power  of  the  acid,  this  effedt. 
Probably  the  greater  confidence  of  the  fat  of  ani¬ 
mals  above  that  of  the  oils  of  vegetables  is  ow¬ 
ing  to  the  like  coagulating  principle. 

Camphire  is  liquified  by  fpirit  of  nitre.  Oil 
of  vitriol  difTolves  it  wholly,  and  holds  it  down 
fo  perfe&ly,  that  no  fmell  can  be  perceived. 
Water  poured  into  it  raifes  the  camphire,  and 
then  it  exhibits  its  ufual  fmell. 

Here  we  conclude  our  examination  of  falts, 
Mineral  fulphurs  are  next  to  be  confidered. 


4* 
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LECTURE  XIV. 

I 

AFTER  the  falts,  we  proceed  in  the  next 
place  to  confider  fulphurs ;  the  right  un- 
derftanding  of  which  is  very  neceflary  in  the 
treatment  of  metals ;  metallic  ores  being  gene¬ 
rally  a  compofition  of  the  metallic  part,  and  a 
fulphur  united  with  it ;  and  the  art  of  refining 
confifts  very  much  in  difTolving  the  fulphureous 
part,  fo  that  it  may  feparate  from  the  other. 

The  nature  of  thefe  fulphurs  will  be  under¬ 
flood,  by  what  we  are  going  to  exhibit  on 
brimftone,  the  mod  common  of  them. 

There  are  two  fpecies,  under  which  may  be 
ranked  the  fubftances  generally  attending  me¬ 
tallic  ores.  They  are  alfo  found  where  no  me¬ 
tal  is  near.  Thefe  two  are  fpars,  and  what  in 
feveral  parts  of  England  are  called  mundicks. 
Spars  are  cryilalline  bodies,  formed  in  angular 
fhapes,  as  falts  lkoot.  Mundicks  are  fulphu¬ 
reous  fubftances,  by  the  Greeks  called  pyrites, 
and  by  the  Arabians  marcafites.  Their  gene¬ 
ral  character  is  to  have  a  fulphureous  fmell  and 
to  ftrike  fire  with  iron  or  fteel. 

Thefe  all  contain  a  confiderable  quantity  of 
fulphur,  that  may  be  obtained  from  them  by 
2  fublimation. 
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fublimation.  Some  fo  abound  with  brimftone, 
that  it  melts  out  with  a  fmall  heat.  This  is  one 
way  common  brimftone  is  made. 

It  is  a  compound  body  confiding  of  an  in¬ 
flammable  part,  an  acid  fpirit,  like  that  drawn 
from  alum  and  vitriol,  and  a4  earth  charged 
with  an  inconfiderable  portion  of  metal.  But 
the  acid  fpirit  is  not  to  be  feparated  from  it,  as 
from  falts,  by  diftillation  ;  for  thus  treated  it 
fublimes  into  flowers,  and  by  this  fublimation  is 
purified.  To  feparate  the  acid  fpirit,  the  ordi¬ 
nary  method  has  been  to  fet  the  brimftone  on 
fire  under  a  glafs  of  a  proper  form  to  receive 
the  fume:  for  by  this  means,  while  the  inflam¬ 
mable  part  is  confumed  by  burning,  the  acid 
fpirit  uniting  with  the  moifture  of  the  air  con- 
denfes  upon  the  giafs,  and  trickles  down  by  the 
fides  of  it  into  a  large  cHfh  placed  to  receive  ir, 
the  earthy  part  being  left  after  the  fulphur  will 
burn  no  longer. 

This  glafs  ufed  to  be  formed  in  the  fhape  of 
a  bell ;  but,  whereas  the  rim  of  a  bell  turns 
outward,  it  has  been  found  moft  convenient  to 
turn  the  rim  of  this  giafs  rather  inward,  and 
alfo  to  draw  the  top  of  the  bell  out  into  a  long 
flem  left  open  to  give  paflage  for  the  fmoke, 
which  otherwife  niuft  come  out  from  under  the 
bell,  and  be  very  offenfrve  to  the  operator. 

However 
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However  this  glafs,  though  altered  a  little  in 
its  form,  goes  {fill  by  the  name  of  the  fulphur 
bell,  and  the  fpirit  thus  made  is  called  fpiritus 
fulphuris  per  campanam. 

Water  impregnated  with  the  fume  of  ful¬ 
phur,  has  been  ufually  called  gas  fulphuris,  but 
in  the  prefent  pharmacopoeia  aqua  fulphurata, 
this  water  receives  that  part  of  the  fulphur,  to 
which  its  inflammability  is  owing,  accompanied 
with  a  fmall  fhare  of  acidity.  The  power  of 
fulphur,  in  reflraining  the  fermentation  of  vinous 
liquors,  which  have  been  fumigated  with  it, 
feems  chiefly  owing  to  this  inflammable  part  % 
for  fpirit  of  wine,  as  we  haveobferved  before,  is 
indued  with  the  fame  power. 

The  inflammability  of  fulphur  has  given  cc» 
cafion  to  chemifls,  in  their  philofophy  to  call 
the  inflammable  part  of  all  fubflances  their  ful¬ 
phur.  The  character  of  foflile  fulphur  is  to 
melt  with  heat,  though  in  the  cold  it  be  hard 
and  brittle,  foon  to  take  fire,  and  burn  with  a 
flame,  and  to  be  indiffolvible  in  water  or  in  any 
acid  fpirit.  The  fubflances  found  in  the  earth, 
which  agree  with  this  defcription  in  all  but 
being  hard  in  the  cold,  are  called  bitumina. 

In  moil  of  the  fubje£ls  we  have  hitherto  exa¬ 
mined,  we  have  made  life  of  the  fimple  applica¬ 
tion  of  heat  to  decompound  them.  In-  feme 

few 


204 


A  COURSE  Fart  III. 


few  infhnces  that  method  has  proved  inef¬ 
fectual.  The  coal  refulting  from  the  diflilla- 
tion  either  of  animal  or  vegetable  fubftances, 
could  not  be  deprived  of  the  principle,  to  which 
it  owes  its  blacknefs,  and  its  power  of  burning, 
by  mere  heat.  Sal  Ammoniac,  another  com¬ 
pound  fubffance,  will  not  divide  by  heat  alone, 
but  the  whole  fublimes  together.  The  like 
happens  to  fulphur,  which,  heated  in  a  dole 
veffcl,  fublimes  intire,  and  this  operation  is  ufu- 
ally  pradiifed  upon  fulphur  to  purify  it.  Sul¬ 
phur  thus  fubiimed  is  called  the  flowers  of  ful¬ 
phur.  For  fale  it  is  thus  fubiimed.  The  ful¬ 
phur  is  thrown  into  iron  pots  fet  in  a  furnace 
and  heated.  The  pots  have  a  moveable  cover, 
which  is  taken  off  to  throw  in  the  fulphur,  and 
prefently  flopt  down  again.  An  iron  pipe 
opens  from  each  pot  near  the  top,  into  a  room 
big  enough  for  a  man  to  enter.  Into  this  room 
the  fulphur  flies  out  of  the  pots  upon  its  fubli- 
ming,  and  fettles  upon  the  floor,  and  Tides  of 
the  room.  When  the  operation  is  finifhed,  the 
flowers  of  the  fulphur  are  fwept  together  with  a 
broom. 

Several  preparations  are  made  with  fulphur 
by  diffolving  it  with  proper  menflruums.  Nei¬ 
ther  water  nor  any  acid  fpirit  will  operate  upon 
it.  But  oils  and  thefixt  alkaline  fait  of  vegeta¬ 
bles 
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bles  do  difiblve  it.  Flowers  of  fulphur  boiled 
with  four  times  as  much  oil  in  an  open  veflfel, 
will  unite  by  the  evaporation  of  the  watry  part 
of  the  oil  into  a  uniform  fubftance  of  a  conflu¬ 
ence,  whence  it  receives  the  name  of  balfamum 
fulphuris.  This  is  molt  ufuaily  prepared  ei¬ 
ther  with  oil  olive,  oil  of  turpentine,  or  oil  of 
anifeeds. 

Fixt  alkaline  fait  melted  with  fulphur  makes 
it  diffolvible  in  water.  Sulphur  thus  melted 
with  a  fixt  alkali  is  called  hepar  fulphuris. 
Sulphur  may  alfo  be  diiTolved  in  water  by  boil¬ 
ing  it  in  a  folution  of  a  fixt  alkaline  fait  •,  for 
thus  the  alkaline  fait  will  diiTolve  the  fulphur, 
and  give  a  tincture  to  the  water  therewith.  Up¬ 
on  this  tincture  if  any  acid  fpirit  be  poured,  it 
prefently  becomes  turbid,  and  a  powder  fub» 
Tides  ;  which  after  frequent  walking  by  (Er¬ 
ring  it  with  a  large  quantity  of  water,  and  as 
foon  as  it  fubfides,  pouring  the  water  from  it, 
is  called  lac  fulphuris,  and  magifterium  ful¬ 
phuris.  Melted  it  turns  yellows,  and  reaf- 
fumes  the  ordinary  appearance  of  brimilone. 
This  procefs  is  alfo  performed  with  lime,  as  we 
(hall  (hew  at  our  next  meeting,  and  is  the  only 
method,  in  which  the  preparation  is,  in  the  way 
of  bufinefs,  made. 

Sulphur 
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Sulphur  thrown  upon  nitre  in  fuficn  inflames5 
violently  with  the  nitre*  and  caufes  an  explo- 
fion.  If  this  be  done  only*  till  the  nitre  flows 
clear  like  water ;  the  nitre  then  poured  out  is 
called  fal  prunellse.  If  as  much  fulphur  as  ni¬ 
tre  be  ufed,  the  refult  is*  what  is  called  fal  po- 
lycreitus,  a  medicine  much  celebrated  by  Wri¬ 
ters*  but  at  prefent  fcarce  in  ufe  here.  It  differs 
not  efientially  from  tartarum  vitriolatum,  the 
acid  of  the  fulphur  having  difpofTeflfed  the  acid 
of  the  nitre  from  its  earth,  and  taken  place  in 
its  room.  In  fal  pruneiiae  the  alteration,  the 
nitre  undergoes,  is  fo  fmall,  that  with  us  it  is 
Tittle  regarded,  there  being  no  manifeft  reafon 
for  preferring  it  to  nitre  purified  by  cryftalliza- 
tion  only. 

This  fudden  fulmination  of  nitre  with  brim- 
ftone  is  the  principle,  upon  which  the  adlion  of 
gun-powder  is  founded.  That  powder  is  only 
a  mixture  of  nitre,  and  brimftone  with  char¬ 
coal  dull.  The  ufe  of  the  charcoal  is  to  fet  the 
compofition  fuddenly  on  fire. 

There  is  a  great  difference  in  authors  with 
regard  to  the  proportion  of  the  ingredients, 
feme  advife  to  take  equal  parts  of  charcoal  and 
brimflone;  others  diredt  twice  as  much  of  the 
coal.  They  differ  alfo  in  the  quantity  of  nitre. 

The 
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The  powder  is  much  improved  by  well  mixing 
the  materials.  This  is  of  more  confequence 
than  an  exa&  observance  of  the  proportions. 
The  powder  made  here  in  England,  for  the  go¬ 
vernment,  is  compofed  of  75  pounds  of  nitre 
with  15  of  charcoal  and  10  of  brimftone.  For 
the  ufe  of  merchants  the  powder  has  lefs  nitre 
and  more  charcoal.  The  corning  it  is  alfo  an 
advantage  towards  its  fudden  taking  fire.  This 
requires  a  double  fieve.  The  holes  of  the  up- 
permoft  being  as  large,  as  the  corns  are  intended 
to  be,  the  under  fmaller.  The  powder,  lb 
moift  as  to  form  a  kind  of  pafte,  being  put  into 
the  upper  fieve  with  a  piece  of  wood,  that  may 
break  it  to  pieces,  while  the  fieve  works.  The 
under  fieve  lets  the  duft  fall  away,  but  retains 
the  corns.  In  practice  a  treble  fieve  is  generally 
ufed  with  holes  gradually  fmaller.  The  corns 
ftopt  at  the  fecond  fieve  are  ufed  in  great  guns, 
and  therefore  called  cannon-powder  1  the  fmaller 
corns  ftopt  by  the  third  fieve  make  the  piftol- 
powder  ufed  in  all  fmal!  guns.  The  workmen 
have  a  contrivance  to  make  the  corns  of  gun¬ 
powder  look  fhining,  which  they  call  glazing  it. 
This  is  done  by  fhaking  the  powder  in  a  barrel, 
that  has  held  black  lead. 

There  is  another  mixture  called  puivis  fulmi- 
nans,  made  by  putting  a  fixt  alkaline  fait  to  the 

nitre 
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nitre  and  brimfione  inftead  of  charcoal,  which 
explodes  perhaps  with  more  force  than  gun-pow¬ 
der  itfelf ;  but  this  will  not  fuddenly  fire.  I i 

mufl  be  gradually  heated  over  coals. 

The  proportions  for  this  mixture  are  three 

parts  of  nitre,  two  parts  of  the  alkaline  fait, 
and  one  of  brimftone. 

The  fudden  accenfion  of  gunpowder  is  owing 
to  the  power,  we  have  before  remarked  to  be  in 
nitre  of  increafing  the  inflammability  of  com- 
buftible  fubftances.  And  the  vehement  explo- 
fion  arifes  from  the  large  quantity  of  air,  into 
which  great  part  of  the  gun-powder  is  converted 
upon  its  accenfion.  This  has  been  found  to  be 
the  cafe  by  firing  gun-powder  in  a  clofe  vefiel  j 
for  here  a  great  quantity  of  air  is  leen  to  be  at 
once  produced. 

The  inflaming  power  of  nitre  is  the  caufe* 
that  gun-powder  is  the  only  combuflible  fub- 
fiance,  that  has  yet  been  experimented  upon, 
which  will  fire  in  a  vacuum.  Even  the  phof- 
phorus  of  urine,  which  in  the  open  air  takes 
fire  with  fo  very  little  heat,  and  burns  fo  fierce¬ 
ly,  as  we  have  feen,  cannot  be  enkindled  in  a 
vacuum.  But  the  nitre  in  gunpowder  fupplies 
in  fome  meafure  the  place  of  air. 

However  the  prefence  of  the  air  is  fo  far  ne- 
cefiary  to  the  fudden  accenfion  peculiar  to  gun¬ 
powder. 
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powder,  that  if  it  be  not  formed  into  corns,  or 
if  in  dull  lie  loofe,  whereby  the  air  may  be  plen¬ 
tifully  difiufed  through  it,  but  being  reduced 
to  fine  dud,  be  rammed  down  clofe;  it  then  will 
not  explode  at  once,  but  burn  upon  its  furface 
only. 

For  this  reafon  in  all  fireworks,  where  the 
powder  is  to  burn  gradually,  it  is  beat  into  dud„ 

This  power  in  nitre  to  promote  the  inflamma¬ 
bility  of  other  fubdances*  makes  it  a  necefTary 
ingredient  in  all  fireworks,  in  thofe,  where  no 
explofion  is  defired,  as  well  as  in  thofe,  wherein 
an  explofion  is  made. 

The  principal  of  artificial  fireworks  made  for 
diverfion  are  rockets.  Upon  thefe  the  con- 
drudtion  of  mod  of  the  red  depends.  And  as 
the  effects  of  rockets  depend  upon  the  fubjecd 
now  before  us,  it  may  not,  perhaps,  be  amifs 
to  defcribe  briefly  their  drudture. 

A  rocket  is  a  hollow  cylinder  ufually  made 
of  paper,  of  a  thicknefs  equal  to  about  one-fmh 
of  its  diameter  within,  and  fill’d  with  gunpow¬ 
der  or  fame  like  compofition.  If  a  rocket  be 
made  of  great  bignefs,  intended  for  a  fignal  in 
war  cr  fuch  like  ufe,  its  cafe  may  be  made  of  a 
more  folid  material. 

Near  one  end  the  cafe  of  the  rocket  is  drawn 
in,  till  its  diameter  be  reduced  to  one-half  of 
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the  whole  internal  diameter.  This  place  is  ufu- 
ally  called  the  choke.  The  moft  approved 
length  of  the  cafe  from  the  choke  is  about  fix 
times  its  internal  diameter,  to  be  filled  with 
gunpowder ;  if  the  rocket  be  fmall,  beat  into 
fine  duft,  and  rammed  in  with  as  even  ftrokes  as 
can  be,  that  the  powder  be  uniformly  com- 
prelfed.  In  great  rockets  the  charge  is  ufually 
a  little  weakened  by  adding  to  the  gun-powder 
a  fmall  portion  of  charcoal  and  of  fulphur. 

To  the  end  of  the  rocket  is  added  a  cylindri¬ 
cal  cavity  not  above  half  the  length  of  the  rock¬ 
et  from  its  choke  in  height,  and  of  fuch  a  dia¬ 
meter,  that,  together  with  the  materials  put  in¬ 
to  it,  it  may  not  exceed  the  weight  of  the  reft 
of  the  rocket.  Thefe  materials,  befides  fome 
corn-powder  to  burfi:  the  cafe,  confifi:  of  fome 
compofition,  that  may  give  the  appearance  of 
liars,  a  fhower  of  fire,  or  the  like. 

Thefe  fiery  (bowers  may  be  made  of  faw-dufi: 
boiled  in  water  itrongly  impregnated  with  nitre, 
and  while  wet  rolled  among  gunpowder  in  dull; 
or  by  gunpov/der  mixt  with  melted  brimftone, 
and  when  cold  grofly  beaten. 

Thefe  (bars  are  a  mixture  of  gunpowder,  ni¬ 
tre,  .fulphur,  antimony,  camphire,  and  the  like 
combultible  materials  moiftened  with  a  folution 
of  fome  gum,  thereby  to  form  pellets  of  a  con¬ 
venient 
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venient  fize.  Thefe  pellets  are  to  be  covered 
over  with  thread  well  foak’d  in  aftrong  folution 
of  nitre  and  while  wet  roil’d  in  gunpowder.  To 
charge  the  rocket  with  larger  bails,  any  of  the 
forefaid  ingredients  (whereof  nitre  in  a  fufficient 
quantity  muft  always  be  one)  may  be  mixtwith 
turpentine,  melted  pitch  or  rofin*  and  tov/  fteept 
in  it.  This  way  larger  balls  may  be  formed* 
which  fhould  be  covered  over  with  thread  pre¬ 
pared  as  juft  now  defcribed. 

It  is  neceftary  for  giving  the  rocket  a  fuffi* 
cient  degree  of  motion*  that  the  powder  within 
the  rocket  be  bored  with  a  tapering  cavity  from 
the  choke.  At  the  choke  this  cavity  muft  be 
as  wide  as  the  choke  itfelf,  at  the  farther  end  it 
need  not  be  more  than  one-half  of  that  width. 
The  length  of  this  bore  muft  be  but  one  inner 
diameter  of  the  rocket  fhortof  the  whole  height* 
to  which  the  rocket  is  rammed.  The  ufe  of 
this  bore  is  to  increafe  the  furface,  that  takes 
fire  at  once ;  that  a  greater  body  of  fire  may 
ififue  out  of  the  mouth  of  the  rocket.  For  from 
the  vehemence,  with  which  the  fire  iftues  out* 
the  rocket  receives  its  motion.  Rockets  are  uf- 
ed  in  all  fire-works,  that  have  motion,  except 
fuch  as  are  thrown  into  the  air  after  the  manner  of 
bombs.  When  the  rocket  is  defigned  to  mount 
upwards,  a  ftick  eight  or  nine  times  the  length 
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of  the  rocket  is  tyed  to  it,  fufficient  to  poize 
the  rocket  at  an  inch  or  two  from  its  mouth. 

Nitre  ftirnifhes  other  compofitions  ufeful  in 
war  befides  gun-powder,  upon  the  fame  princi¬ 
ples. 

If  nitre  be  mrxt  with  pitch,  rofm,  turpentine, 
fulphur  and  fuchcombuftible  materials,  and  tow 
be  fteept  in  it  5  fire-balls  formed  of  this  tow 
will  ferve  to  illuminate  any  place  defired.  If 
the  tow  be  gradually  wound  into  a  bail,  and^ 
from  time  to  time  firft  dipt  in  this  mixture* 
and  then  roll’d  in  gun-powder,  the  ball  will 
burn  yet  fiercer,  and  fuch  a  ball  will  not  only 
be  ufeful  in  giving  light,  but  therewith  an  ene¬ 
my  may  be  annoyed,  in  particular  any  edifice 
may  be  fired  with  it. 

Bombs  and  grenades,  which  are  only  iron 
fhells  filled  with  gun-powder,  are  to  be  light,  be¬ 
fore  they  are  delivered  ;  but  the  powder  muft 
not  take  fire,  till  they  arrive  at  the  place  defign- 
ed.  For  this  reafon  a  hollow  piece  of  wood  re- 
fembling  in  fhape  the  fofiet  of  a  tap  is  drove 
into  them,  and  the  hollow  of  this  wood  is  fill’d 
with  a  combuflible  material,  that  will  burn 
flowly.  This  is  ufually  made  of  pulverized 
gun-powder  with  an  additional  quantity  of  fome 
of  the  other  ingredients,  to  alter  the  proportion 

they 
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they  have  in  the  gun-powder.  This  matter  is 
rammed  hard  into  the  cavity. 

It  is  from  the  analyfis  of  fulphur,  that  we 
muff  Jearn  the  caufe  of  the  great  combuftibi- 
iity  of  the  phofphori.  The  phofphorus  from 
urine  I  have  before  obferved  to  contain,  bdides 
its  inflammable  part,  an  acid  fpirit :  That  in¬ 
vented  by  the  late  famous  Horn  berg  is  a  union 
of  the  acid  fpirit  contained  in  alum  with  an  in¬ 
flammable  part  from  animals  or  vegetables. 

This  phofphorus  thus  compounded  of  alum, 
and  fome  animal  or  vegetable  fubftance,  takes 
fire  the  mod  readily  of  any  thing  yet  known : 
for  being  thrown  out  of  the  bottle,  which  con¬ 
tains  it,  into  the  open  air,  it  fires  immediately 
and  burns,  what  it  lies  upon,  without  any  a fL fi¬ 
ance  by  rubbing,  or  by  any  warmth  applied. 

No  mineral  fubftance  mixt  with  allum  will 
make  this  phofphorus,  nor  any  fait  but  allum. 

The  moft  ready  method  of  preparing  this 
phofphorus  is  to  put  the  alum  mixt  with  the 
other  material  into  a  crucible,  and  heat  the 
mixture  gradually,  till  it  grows  red  hot  and 
burns  with  a  fmall  blue  flame;  breaking  the 
mixture  from  time  to  time  during  the  ope¬ 
ration,  that  it  may  not  concrete  into  one  mafs  : 
then  it  muft  be  taken  immediately  out  of  the 
crucible,  and  put  into  a  vial  made  hot  enough 

P  3  not 


» 


1 14  A  C  O  U  R  S  E,  &c.  Part  111. 


pot  to  be  broke  by  the  heat  of  the  matter  put 
into  it, 

Arfenic  is  ufually  confidered  by  the  chemifts 
along  with  fulphurs.  But  improperly.  1  fhall 
confider  it  among  the  imperfect  metals.  Orpi- 
ment,  frequently  confounded  by  writers  with  a 
factitious  fubftance  called  yellow  arfenic,  is  a 
mineral  properly  to  be  called  fulphureous. 

But  to  conclude  let  me  farther  fay  fomething 
of  that  ambiguous  fubftance  amber,  which  has 
at  length  been  difcovered  to  be  a  foffil. 

It  was  indeed  mod  ufually  found  floating  on 
the  fea.  But  it  has  lately  been  dug  out  of  the 
earth  in  Pruflia :  where  in  digging  they  found 
flrft  a  ftratum,  which  had  the  appearance  of  old 
wood,  and  was  corpbuftible  -9  immediately  under 
%h\s  was  a  layer  of  copperas  ftones.  Thefe  lay 
ppon  a  bed  of  find,  out  of  which  they  got 


pieces  of  amber  in  great  plenty. 

In  diftillation  it  yields  an  acid  fpirit,  a  finer 
and  a  grofler  oil  *,  alfo  a  volatile  fait  in  a  folid 
form.  This  fait  is  not  an  alkali ;  but  contains 
an  acid  fpirit  fo  loofely  adhering  to  its  earth, 
phat  it  will  ferment  with  alkalis  even  without 
heat,  which  fcarce  any  other  fait  will  do.  The 
acid  of  this  fait  is  the  fame,  with  that  of  the 
fpirit,  which  rifes  with  it  in  the  diftillation. 

At 
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At  the  end  of  the  diftillation  of  amber  there 
is  left  at  the  bottom  of  the  retort  a  black  pitchy 
fubftance. 

The  fait  of  amber  comes  from  the  fubjeft, 
as  other  volatile  falts  do,  foul  with  oil.  This 
fait  is  not  fo  volatile,  as  to  rife  with  the  heat  of 
boiling  water.  And  the  ufual  way  of  purging 
it  from  its  oil,  is  to  boil  it  in  the  fpirit,  pr  in 
Ample  water,  and  fet  it  by  to  fhoot. 
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JflTHERTO  the  greateft  part  of  our  ope- 
1  rations,  upon  the  fubjedts,  we  have  han¬ 
dled,  has  been  to  analize  them,  and  reduce 
fhem  into  the  principles,  whereof  they  are  com¬ 
pounded.  But  the  prefent  fubjects  are  fo  fi tu¬ 
ple  in  their  ftruciure,  that  our  chief  purpofe  will 
be  to  fnew  the  effects,  they  produce,  when  com¬ 
pounded  with  other  fubftarjces. 

We  fhall  here  confider  ftones.  Some  of  thefe 
are  tranfparent,  others  not.  Of  the  tranfparent, 
thofe,  which  exhibit  the  mofr  beautiful  colours 
and  lu  ft  re,  are  called  gems.  Gems  are  rivalled 
in  tranfparency  by  glafs,  but  are  preferrable  to 
it  in  degree  of  hardnefs  ^  by  which  means  they 
take  a  much  finer  polifh.  They  are  often  imi¬ 
tated  by  coloured  glafs,  but  are  eafily  diftin- 
guifbed  by  the  weight.  Precious  ftones  being 
much  heavier  than  glafs.  They  have  even  the 
greateft  fpecific  gravity  of  any  ftones.  The  heavi- 
eft  of  thefe  is  the  diamond.  But  this  done  can- 

%  •  w  ‘  .  *  i 

pot  poflibly  be  counterfeited  to  any  perfection  ; 
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becaufe  its  beauty  is  not  owing  to  any  colour  •, 
but  only  to  its  eminent  luftre,  which  arifes  from 
its  great  refractive  power.  By  this  quality  it  re¬ 
flects  much  more  light  than  any  other  tranfparent 
body  whatever  ;  thofe  bodies  in  general  reflect¬ 
ing  moil  light,  which  have  the  greated  refractive 
power.  By  this  quality  aifo  it  exhibits,  when  its 
furfaceis  formed  into  a  variety  of  different  planes, 
a  greater  diverfity  of  colours,  and  thofe  much 
more  vivid,  than  can  be  exhibited  in  like  manner 
by  any  other  tranfparent  fubflance.  But  the  con- 
fideration  of  gems  has  no  direct  relation  to  our 
prefent  undertaking.  With  regard  to  tones  of 
the  tranfparent  kind  we  fliall  only  here  obferve, 
thatfand,  which  is  a  heap  of  very  minute  ftones, 
and  flints  calcined  in  the  fire,  till  they  can  be 
powdered,  will  melt  with  any  vegetable  fixt  fait 
into  glafs.  But  glafs  does  not  melt  as  falts  and 
metals  do.  They  flow  thin  like  water  5  glafs 
melts  into  a  tenacious  confidence.  Hence  it  is, 
that  glafs  upon  its  firft  melting  appears  full  of 
fmall  blebs  or  bubbles.  Thefe  arife  from  the 
air,  that  is  copioufly  lodged  among  the  mate¬ 
rials,  they  being  powders.  Ar?d  as  the  glafs 
melts  into  a  tenacious  confidence,  the  air  in 
thefe  bubbles  extricates  itfelf  but  flowly. 
Length  of  fire  expels  it,  and  renders  the  glafs 
uniformly  tranfparent. 

In 
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^  In  glafs-houfes  the  fire  is  kept  up  night  and 
day  without  intermifTion,  as  long  as  the  building 
will  endure,  and  as  their  pots  work  out,  they 
fill  them  up  again  with  frefh  materials.  In  the 
bottle  glafs  houfes  their  pots  are  worked  out  in 
one  day,  and  frefh  materials  melted  in  them  in 
the  night. 

This  tenacious  confidence  of  melted  glafs,  is 
the  reafon,  that  it  is  wrought  other  wife  than 
melted  metals  are.  Melted  metals  are  always 
cad  into  a  mold.  But  glafs  is  taken  up  by  put¬ 
ting  into  it  the  end  of  an  iron  pipe  red-hot.  A 
portion  of  glafs  will  flick  to  the  pipe  j  and  the 
pipe  being  hollow  the  glafs  is  blown  up  by  the 
breath  of  the  workman,  and  fliaped  with  iron 
tools,  and  by  rolling  it  on  a  marble.  If  the 
glafs  cools  and  grows  hard,  before  it  has  receiv¬ 
ed  the  defired  fhape,  it  is  put  from  time  to  time, 
while  on  the  pipe,  into  the  furnace,  and  held 
there,  till  it  grows  foft  enough  to  be  wrought 
on. 

Iron  is  the  only  metal  to  which  glafs  adheres ; 
the  reafon  of  which  fhall  be  afiigned  hereafter. 
The  fire  of  the  furnace  is  not  kept  altogether  up 
to  fo  intenfe  a  heat,  while  the  glafs  is  wrought, 
as  while  it  is  melting. 

Common  red  fand  and  the  afhes  of  wood  or 
draw  melted  together,  make  the  green  glafs  ufed 
'  *•  for 
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forbottles.  Thisglafs  is  theleafttradlableof  any, 
and  does  not  melt  foft  enough  to  be  moulded  fo 
freely,  as  finer  glafs,into  any  iliape.  Though  the 
materials  for  all  the  other  kinds  of  glafs,  except 
that  called  flint  glafs,  differ  from  this  bottle-glafs 
only  in  the  vvhitenefs  of  the  fand,  and  the  pu¬ 
rity  of  the  afhes.  In  the  bottle-glafs  red  fand, 
and  the  earthy  part  of  the  afhes,  as  well  as  the 
fixt  fait  are  mixt  together ;  for  glafs  more  tranf- 
parent  afhes  in  fome  degree  purified  are  ufed. 
In  the  fined:  Venetian  glafs,  which  was  once  in 
great  efteem  before  the  invention  of  flint  glafs* 
they  ufed  fixt  fait  entirely  purified  from  the 
<earthy  part  of  the  allies. 

Flint-glafs  has  lead  in  }ts  compofition,  and 
we  fhall  more  fully  defcribe  it,  when  we  come 
to  fpeak  of  the  glafs  of  lead.  It  is  called  flint- 
glafs,  becaufe  it  was  firth  made  with  calcined 
flints  *,  but  now  they  ufe  only  fine  white  land, 
which  is  found  to  have  as  good  an  effeft,  and 
requires  no  previous  calcination  neceflfary  in 
flints,  that  they  might  be  pulverized,  in  order  to 
their  being;  mixt  with  the  other  ingredients.  The 
fined:  Venetian  glafs  was  alfo  made  with  calcined 
flints. 

The  proportion  for  this  fined  Venetian  glafs 
is  fet  down  by  Antonio  Neri  to  be  thirteen  parts 
of  the  fixt  fait  to  twenty  of  the  powdered  flint, 

that 


220 


A  COURSE  Fart  III. 

that  is  about  two  parts  of  the  fait  to  three 
of  the  flints.  In  the  making  all  glafs  it 
is  ufual  to  mix  a  great  quantity  of  old  glafs 
with  the  freili  materials,  as  this  addition  much 
facilitates  the  melting.  In  bottle-glafs,  they 
put  in  old  glafs  and  frefh  materials  in  equal 
proportion. 

All  glafs  is  difpofed  to  have  more  or  lefs  of  a 
greeniih  hue  :  this  is  taken  off  from  the  fine 
glafs  by  adding  to  it  a  fniall  portion  of  a  (lone 
found  in  Italy  called  manganefe.  Writers  in 
Latin  call  it  magnefia.  Agricola  miftakes  it  for 
the  magnet  or  load -Hone. 

Flint- glafs  does  not  acquire  this  green  hue. 
Therefore  no  manganefe  is  ufed  in  it. 

Some  plants,  which  grow  on  the  fea-fhore, 
contain  in  their  afhes,  bdides  the  alkaline  fair, 
which  they  have  in  common  with  others,  an^ 
other  fait,  which  will  not  unite  with  fand,  as  the 
alkaline  fait  does  *,  but,  when  fait  is  made  with 
any  of  thefe  afhes,  it  flows  melted  on  the  top, 
and  is  taken  off  with  ladles,  before  the  glafs  is 
wrought,  this  is  called  fandiver. 

One  ufe  of  calcining  {tones  is  to  fit  them  for 
glafs,  though  now  this  practice  be  laid  afide  for 
the  reafon  before  mentioned.  Another  effefit 
from  calcining  many  Hones  is  a  power  they 
thereby  receive  of  attracting  water  very  ftrongly. 

Ala- 
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Alabafter  frefii  calcined  attradls  water  fo  ftrong- 
ly,  when  wet  with  it,  that  it  unites  again  into  a 
hard  and  firm  Hone.  This  is  the  preparation 
called  pi  aider  of  Paris.  At  length  the  calcined 
done  by  gradually  imbibing  the  moidure  of  the 
air  is  in  fome  meafure  faturated  with  water,  and 
then  the  aCfeion  between  it  and  the  water  becomes 
faint,  and  it  will  not  harden,  as  it  does  when 
newly  calcined. 

Stones  are  in  general  to  be  divided  into  two 
elafies  ^  fuch  as  melt  with  fixt  fait  into  glafs,  all 
which  will  (trike  fire  *,  and  fuch  as  will  not  vi¬ 
trify,  and  thefe  burn  into  lime.  The  earthy 
part  of  animal  and  vegetable  fubfiances  refe ra¬ 
bies  this  latter  kind  of  [tones. 

Lime,  which  is  made  either  by  calcining 
chalk,  dr  by  the  calcination  of  particular  denes 
called  from  the  ufe  of  them,  lime-dones,  at¬ 
tracts  water  fo  ftronsdv,  as  in  action  to  excite  a 
great  heat. 

The  effect  of  the  phofphorus  made  with  alum 
feems  in  part  to  arile  from  the  fame  principles  j 
the  ftony  part  of  the  alum  calcining  into  fo  fu fa¬ 
de  a  lime  as  to  heat  enough  by  the  mere  moitt- 
ure  of  the  air,  to  fet  fire  to  the  oily  or  fulphu- 
reous  part  of  the  other  ingredient,  whofe  inflam¬ 
mability  is  heightened  by  the  acid  fpirit  of  the 
alum,  which  joining  with  the  oil  of  the  other 

in- 


22% 


A  COURSE 


Part  IIP 


ingredient  compofes  a  very  inflammable  fulphnr. 
From  the  materials  of  the  phofphorus  mixt 
I  have  fublimed  yellow  flowers  like  thofe  of 
brimftone. 

Lime  is  of  a  nature  analogous  to  flxt  alkaline 
falts,  but  more  exalted  in  its  force.  It  does  not 
intirely  diflfolve  in  water,  as  the  falts  do  •,  but 
only  communicates  fomeof  its  fubtle  parts  to  it. 
Hence  is  produced  a  very  valuable  remedy 
called  aqua  calcis,  ddcribed  in  the  London  dif- 
penfatory. 

Again  lime  is  made  life  of  to  increafe  the 
cauftic  quality  of  the  flxt  alkaline  falts.  This 
it  does  by  its  powerful  attracting  humidity.  It 
is  by  this  power  of  attracting  all  moifture,  that 
the  flxt  alkaline  fait  itfelf  is  a  cauftic.  It  acts 
not  on  a  dead  body.  But  in  a  living  one,  where 
the  humours  are  fluid  ;  by  drawing  ftrongly  ail 
moifture  out  of  the  fibres*  it  dries  them  up  with 
a  quicknefs  of  action,  refembling  the  effect  of 
an  actual  fire  i  this  when  aflifted  with  lime,  they 
perform  very  ftrongly ;  alone  their  power  is 
more  languid. 

The  cauftic  ufually  called  lapis  infernalis  is  made 
by  evaporating  the  foap-boilers  ley,  till  it  will 
coagulate,  when  cold,  into  a  brittle  fubftance  $ 
but  care  muft  be  taken,  that  the  ley  be  not  boil- 
ed  further  than  is  necefiary  for  this  purpofe. 

Th© 
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The  heat  may  be  continued,  till  it  is  reduced  to 
a  dry  fait* 

This  preparation  muft  be  kept  in  a  glafs  well 
ftopt,  it  being  greatly  difpofed  to  liquify  by  the 
air.  This  readinefs  to  liquify  creates  an  incon¬ 
venience  in  the  life  of  this  cauftic,  by  rendering 
it  difficult  to  confine  it  to  the  limits,  wherein 
its  operation  is  defired  :  for  this  reafon  it  has 
given  place  in  ufe  to  another  caufiic  not  fo  fub- 
ject  to  this  imperfection,  which  is  prepared  by 
forming  a  pafte  with  a  very  ftrong  ley  and  lime 
a  little  but  not  much  Hacked. 

As  lime  bears  a  refemblance  in  its  nature  to  the 
fixt  alkaline  falts ;  fo  its  action  on  fal  ammoniac 
is  much  the  fame  with  the  aCtion  of  an  alkaline 
fait  upon  that  fubftance  ;  for  being  mixt  with  it, 
and  diftilled  by  the  like  procefs  as  with  a  fixt  alka¬ 
line  fait,  a  volatile  fpirit  is  here  alfo  produced ; 
but  one  that  is  much  more  acrid  and  pene¬ 
trating,  than  when  the  alkaline  fait  is  made  ufe 
of. 

If  fal  ammoniac  be  mixt  with  fine  chalk  or 
whiting,  a  volatile  fait  will  be  raifed  in  a  iblid 
form.  This  procefs  requires  a  ftrong  fire,  the 
preceding  one  is  performed  with  a  gentle  heat. 

When  lime  and  fal  ammoniac  are  mixt  toge¬ 
ther,  the  volatile  vapour  afcends  and  ftrikes  the 
nofe  immediately  j  but  when  uncalcined  chalk 
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is  mixt  with  the  fait,  no  fuch  effed  follows '% 
that  the  volatile  part  may  be  feparated,  a 
ftrength  of  fire,  which  may  give  the  chalk  fome 
degree  of  calcination  is  requifite.  But  where 
perfed  lime  is  ufed,  the  adive  parts  of  the  fait 
are  fo  divefted  of  the  grqfler  earth,  that  no  fait 
in  a  folid  form  can  be  obtained. 

Lime  feems  to  have  a  fimilaf  effed  alfo  on 
fixt  alkaline  falts  <  for  in  the  preparation  of  the 
lapis  infernalis,  the  quantity  of  the  produdion 
falls  confiderably  {hart  of  the  fair,  from  which  it 
is  prepared. 

Some  have  fcrupled  to  call  thefe  fpirits,  thus 
drawn  with  lime,  alkalis,  becaufe  they  do  not 
make  fo  vifible  an  effervefcence  with  acids,  as 
thofe  do,  which  are  drawn  with  fixt  fait.  But 
if  the  fixt  fait  itfelf  be  highly  calcined,  the 
fpirits  drawn  with  it  will  have  no  more  vifible 
fermentation,  than  thofe  have,  Which  are  drawn 
with  lime. 

Equal  parts  of  quick-lime,  fal  ammoniac  and 
fuiphur  being  mixt  together  yield  a  fpirit,  which 
whenever  open  to  the  air  emits  a  fume  without 
ceafing,  which  is  extreme  fubtle  and  pene¬ 
trating. 

Orpiment,  which  I  obferved  at  our  lad  meet** 
ing  to  belong  to  the  dais  of  fulphurs,  infuled  a 
little  while  in  hot  water,  with  double  its  quan¬ 
tity 


2 


Lect.  15.  of  CHEMISTRY.  225 

city  of  lime,  impregnates  the  liquor  with  the 
molt  penetrating  fume  known. 

Lime  alfo  dififolves  oils  very  powerfully  ;  for 
this  reafon  it  is  ufed  in  making  foap  to  facilitate 
the  uniting  of  the  oil  with  the  alkaline  fait. 
The  common  foft  foap  has  a  mixture  both  of 
oil  and  tallow.  In  preparing  it  the  foap-boilers 
Jirft  make  a  ley  by  pouring  in  water  upon  layers 
of  pot-aflies  and  lime  warm  from  the  kiln  drew- 
ed  in  a  diallow  pit  interchangeably.  They  take 
care  that  the  ley  be  not  too  drongly  charged 
with  the  fak.  This  they  judge  of  by  the  weight 
of  the  liquor.  With  this  ley  they  fird  boil  the 
tallow;  as  foon  as  thefe  boil  up  together,  they 
add  the  oil,  and  immediately  damp  the  fire,* 
that  the  mixture  may  (land  in  digedion  three  or 
four  hours,  in  which  time  the  oil,  tallow;  and 
ley  become  united  into  one  uniform  fubdance  s 
and  this  by  boiling  they  gradually  bring  to  the 
common  confidence  of  foap.  When  this  foap 
is  fird  made,  it  appears  uniform  %  but  in  about 
a  week’s  time,  the  tallow  Teparates  from  the 
oil  into  thofe  white  grains,  we  fee  in  common 
foap.  ■  • 

Soap  thus  made  would  look  yellow,  but  by  a 
mixture  of  indico  added  at  the  end  of  the  boil¬ 
ing  it  is  turned  green,  that  being  the  colour, 

which 


226  A  COURSE  Part  IIP 

which  refults  from  the  mixture  of  yeliow  and 
blue. 

Oil  will  not  join  thus  completely  with  a  ley 
made  from  any  of  thofe  allies,  which  I  obferved 
before  to  contain  a  fait,  that  does  not  incorpo¬ 
rate  with  the  glafs  made  from  fuch  allies.  But 
however  the  oil  by  repeated  or  long  continued 
boiling  with  fuch  a  ley  will  gradually  imbibe 
from  it  its  alkaline  fait,  and  be  converted  into  a 
foap,  which,  when  cold,  concretes  into  a  folid 
confidence. 

Hard  foap  may  alfo  be  made  with  a  ley, 
wherewith  oil  will  perfedlly  unite.  For  this 
purpofe  common  fait  is  made  ufe  of.  When 
oil  or  tallow  has  been  united  with  the  ley,  after 
a  little  boiling  fait  is  thrown  in  upon  it,  which 
readily  diffolving  in  water,  but  not  in  the  oil  or 
tallow,  draws  the  water  in  great  meafure  out, 
fo  that  the  oil  or  tallow  united  with  the  fait  of 
the  ley  fwims  on  the  top. 

Water  impregnated  with  lime  is  made  ufe  of 
for  refining  fugar  upon  the  fame  principle  of  its 
didblving  oils.  Coarfe  fugar  being  boiled  in 
lime-water  perfectly  diffolves  in  it,  the  grofs  oily 
part,  as  well  as  the  fweet  part,  which  conditutes 
the  fugar.  When  the  whole  is  by  this  means 
reduced  to  a  uniform  fyrup  of  a  proper  confid¬ 
ence. 
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ence,  it  is  fet  by  in  a  heat  fufncient  to  keep  the 
oily  part  fluid,  that  the  fugar  may  feparate  from 
the  fyrup  by  a  kind  of  chryftallization,  as  falts 
fhoot  in  water,  that  is  charged  with  them  to  a 
certain  degree. 

To  render  this  feparation  more  effectual  moift: 
day  is  fpread  over  the  fngar,  when  the  fugar  be¬ 
gins  to  cryftallize,  that  the  fugar  may  gradually 
draw  in  the  moifture  from  the  clay,  and  the  oily 
part  by  that  means  be  more  efFedually  expelled  : 
for  fugar  unites  itfelf  with  water  much  more 
freely  than  with  oil  *,  fo  that  when  water  is  pre- 
fent,  it  will  draw  that  in  with  force  enough  to 
expel  the  oil. 

When  the  fugar  is  brought  near  to  a  perfed: 
fincnefs,  it  will  unite  entirely  with  water  without 
the  help  of  lime  ;  therefore  in  preparing  double 
refined  fugar  lime  is  not  ufed. 

Lime  feems  alfo  to  have  forne  effed:  on  the 
acid  part  of  the  juice  of  the  fugar-cane^  for  it  is 
ufed  in  the  fir  ft  making  of  fugar,  lime  in  fub- 
flance  being  put  into  the  juice  before  boiling  5 
but  in  a  very  fmall  quantity,  fcarce  above  the 
meafure  of  half  a  pint  of  powdered  lime  to  three 
hundred  gallons  of  juice,  which  fliall  make  as 
many  pounds  of  fugar.  Here  the  lime  feems 
to  produce  at  once  the  fame  effed;  as  time  will 
occafion  without  the  afliftance  of  any  art.  The 
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fugar  we  fee  adhering  to  raifins  candied  is  only 
their  juice  concreted  into  that  form.  In  the 
richeft  kind  of  fugar- canes  the  juice,  which  ex- 
fudes  from  accidental  fiffures  in  them,  will 
concrete  into  fugar  by  the  heat  of  the  fun. 
Perhaps  this  was  the  only  fugar  known  to  the 
ancients. 

(Here  a  fugar -mold  Jhewn.) 

Lime  is  alfo  made  ufe  of  to  diffolve  fulphur 
in  the  preparation  of  what  has  been  called  lac 
fulphuris,  but  in  our  prefent  pharmacopoeia  ful¬ 
phur  precipitatum.  A  quantity  of  fulphur  be¬ 
ing  boiled  with  three  times  its  quantity  of  quick¬ 
lime,  till  the  fulphur  is  diffolved,  and  the  de- 
co&ion  filtred  \  upon  the  affufion  of  any  acid 
fpirit,  the  liquor  turns  to  a  milky  whitenefs, 
and  depofits  a  powder,  which  is  to  be  wafhed 
frequently  in  warm  water,  till  it  has  loft  all  its 


acrimony. 

Calcined  chalk  impregnated  with  the  acid 
fpirit  of  nitre  will  produce  a  kind  of  phof- 
phorus  not  always  fhining  in  the  dark,  as  the 
phofphorus  from  urine  does  \  but  immediately 


after  it  has  been  cxpofed  to  the  light  of  the 
day  or  the  beams  of  the  fun  it  fhines,  if  it  be 
forthwith  removed  into  a  dark  place.  This 
is  the  phofphorus  of  Balduinus.  There  is  a 
ilone  found  near  Bononia  in  Italy,  which  be- 

ing 
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ing  calcined  only,  exhibits  the  fame  phaeno- 
menon. 

The  mod  convenient  method  of  preparing 
the  phofphorus  of  Balduinus  is  this. 

Firft  let  good  chalk  lime  be  powdered,  and 
put  by  degrees  into  the  ftrongeft  fpirit  of  nitre, 
that  can  be  prepared  after  Glauber’s  method,  till 
fuch  times  as  the  fpirit  is  faturated,  and  all  ef- 
fervefcence  ceafes. 

This  compound  being  diluted  with  a  quan¬ 
tity  of  water,  and  filtred  ;  the  liquor  upon  eva¬ 
poration  fhews,  that  the  acid  fpirit  has  convert¬ 
ed  a  confiderable  part  of  the  chalk  into  a  fait. 
From  this  fait  the  phofphorus  is  thus  to  bepre- 

Provide  a  fhallow  earthen  difh  made  of  an 
earth,  that  will  endure  the  fire;  place  it  in  a 
fire,  till  it  is  red  hot.  Then  throw  into  it  of 
the  fore-mentioned  fubftance  reduced  to  pow- 
der  by  little  and  little.  As  foon  as  ever  a 
quantity  is  thrown  in,  it  boils  up ;  and  the 
fuccefs  of  the  procefs  depends  upon  throwing 
in  a  frefh  quantity,  before  the  boiling  up  of 
that  laft  thrown  in  is  quite  over.  As  foon  as 
the  laft  parcel  is  thrown  in  and  melted,  the 
difh  is  to  be  removed  from  the  fire,  and 
placed,  before  it  is  cold,  under  a  glafs,  which 

Q_3  mud 
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muft  be  well  cemented  down  to  keep  out  the 
air. 

The  moft  commodious  method  of  placing  the 
difh  in  the  fire  is  under  a  muffle  in  an  effay- 
furnace. 


[  23*  ] 
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COURSE  of  CHEMISTRY. 


PART  IV. 

METALLURGY . 

LECTURE  XVI. 

OF  the  fubftances,  that  are  dug  out  of 
the  earth,  fuch  of  them,  as  melt  in  the 
fire,  we  have  obferved  to  be  called  mine- 
rals,  the  reft  being  only  named  foftils. 

Minerals  that  afford  metallic  fubftances  are 
ufually  called  ores :  thefe  are  the  next  fubjeft 
of  our  inquiry.  Metallic  ores  are  of  two  kinds; 
for  fome  afford  a  perfect  metal,  from  others 
can  be  feparated  only  a  metallic  body,  not  hav¬ 
ing  the  perfeft  form  of  a  metal.  The  cha- 
i  Q  4  rafters* 
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rasters,  by  which  metals  are  diftinguifhed  from 
other  bodies,  are  being  fufxble  and  malleable* 
That  is,  whatever  fubftance  melts  with  heat, 
and  dudtile  under  the  hammer,  when  cold,  is 
properly  called  a  metal. 

The  metallic  bodies,  to  which  thefe  charadlers 
agree,  are  lead,  tin,  irpn,  copper,  filver,  ar^d 
gold.  Of  thefe  tin  is  the  lighted:  in  weight, 
and  gold  the  heavieft ;  the  next  to  tin  in  fpeci- 
fic  gravity  is  iron,  then  copper,  after  this  filver, 
then  lead  almoft  of  the  fame  weight  with  filver, 
and  gold  greatly  exceeds  the  weight  of  any  of 
the  reft.  The  imperfedt  metals  are  quickfilver, 
biftnuth,  fpeltf.r,  and  a  metallic  fu’pftance  fepa- 
pabie  from  the  mineral  called  antimony.  Quick¬ 
filver  differs  from  thofe  properly  called  metals, 
by  its  perpetual  fluidity;  the  reft,  which  are  fo- 
lid,  by  the  want  of  malleability,  though  they 
have  an  external  appearance,  and  weight  re- 
fembling  a  true  metal,  and  are  fufible  in  the 
fire. 

Mi  f  •: 

In  order  to  underftand  the  true  intention  in 
each  part  of  the  proceffes,  by  which  metals  are 
feparated  from  their  ores,  it  is  neceffary  to  have 
fome  knowledge  of  the  nature  of  the  metals. 
This  is  beft  obtained  by  calcining  them. 

It  is  well  known,  that  metals,  not  only  when 

•  J  ,  ‘7  J  v  * 

melted,  but  when  heated  in  the  fire  are  foon 
.  covered 
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covered  over  with  drofs.  Lead  or  tin  melted, 
their  furface  at  firft  appears  of  a  Alining  bright- 
nefs,  but  is  prefently  fullied  with  a  dim  fkin. 
If  this  be  removed,  it  is  foon  fucceeded  by  an- 

■  •  "'j-  •  - 

other.  Iromor  copper,  when  made  red-hot,  caft 
off  brittle  fcales.  The  metals  kept  long  in  the 
fire  will  by  degrees  wafte  thus  wholly  away  into 
drofs.  This  is  called  calcining  them,  and  the 
friable  fubftance,  into  which  they  are  thus  redu¬ 
ced,  the  calx  of  the  metal.  This  calx  is  fpeci- 
fkally  lighter  than  the  metal.  There  is  befides 
an  accefllon  of  new  matter.  Lead  when  calcin¬ 
ed  into  that  red  powder  called  minium  and 
red  lead,  gains  about  a  twentieth  part  in  weight. 

Lead  and  tin  eafijy  melt,  and  being  ftirred 
about,  while  they  remain  melted,  foon  are  re¬ 
duced  into  powder;  and  this  powder  by  being 
longer  in  the  fire  will  change  from  its  firfl  co¬ 
lour,  till  in  tin  it  becomes  white,  in  lead  red, 
whence  minium  or  red  lead  fo  called. 

The  procefs,  whereby  minium  is  made,  is 
this.  The  lead  is  placed  in  a  reverberatory  fur¬ 
nace,  where  with  a  due  degree  of  heat  and  ftir- 
ring,  it  is  reduced  into  a  greyifh  drofs.  The 
particles  of  this  drofs  often  contain  in  them 
fome  lead  uncalcined.  To  feparate  the  calcin¬ 
ed  part  this  drofs  is  ground  in  a  mill  with 
water.  During  the  grinding  the  water  car¬ 
ries 
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ries  out  of  the  mill  all  the  finedrofs.  The  reft 
which  is  imperfectly  calcined  fub Tiding.  This 
refidue  is  calcined  and  ground  afreih ;  till  no 
more  grofs  parts  fubfide.  The  fine  drois  thus 
obtained,  is  placed  again  in  the  furnace,  and  a 
proper  heat  raifed  upon  it,  whereby  it  gradually 
changes  its  colour,  till  it  becomes  red.  The 
reverberatory  furnace  here  ufed  is  lb  contrived, 
that  the  heat  may  be  equal  on  every  part  of  the 
matter.  Therefore  here  two  long  fires  are 
made  ufe  of,  one  on  each  fide  of  the  matter. 

(Here  Jhew  the  red-lead  furnace.) 

Iron  and  copper  are  beft  reduced  to  a  calx  by 
being  kept  for  a  length  of  time  red-hot :  for 
thus  fcales  will  continually  call;  off  from  them. 
If  the  metal  be  reduced  into  very  fmall  parts, 
before  it  be  expofed  to  the  fire,  thefe  fcales  will 
be  generated  quicker  than  otherwife,  the  fur- 
face  of  the  metal  being  increafed. 

Silver  and  gold  bear  the  fire  to  that  degree, 
as  to  fulfer  no  change  by  the  longed:  continu¬ 
ance  in  the  hotted  fires  we  can  make  by  any 
fewel.  However  thefe  bodies  are  not  abfolute- 
ly  indefinable  by  intenfe  heat ;  for  burning- 
glafTes  have  been  made  to  colleCt  the  fun-beams 
fo  fcrongly,  as  readily  to  reduce  both  thefe  me¬ 
tals  into  a  calx.  Monf.  Homberg  profecuted 
this  experiment  very  fully  with  a  glafs  of  the 

late 
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late  famous  Duke  of  Orleans.  Several  years 
ago  we  had  here  in  England  a  metalline  con¬ 
cave  brought  hither  by  the  maker,  Monf.  Vil- 
lette,  which  produced  a  degree  of  heat  fbill 
more  intenfe  than  the  burning-glafs,  which 
Homberg  made  life  of ;  but  the  fun’s  rays  being 
in  that  collected  by  refraction,  and  the  rays  de¬ 
fending  upon  the  fubjeCt  to  be  examined,  the 
fubjeCt  could  be  more  commodioufly  kept  in  the 
focus  for  a  length  of  time,  than  can  be  done 
in  reflecting  metals,  where  the  rays  afending 
upwards  will  be  intercepted  by  any  body,  where¬ 
on  the  fubjeCt  examined  can  be  laid.  In  thefe 
meta’s  therefore  the  fubjeCt  can  only  be  kept  in 
the  focus,  till  it  is  melted  ;  and  it  was  Appriz¬ 
ing  to  fee  how  foon  the  mirror  of  Monf.  Vil- 
lette  melted  down  the  hardeft  bodies,  and  thofe, 
which  indure  the  longeft  in  our  moft  intenfe 
fires.  Monf  Homberg  by  his  glafs  found, 
that  gold,  when  expofed  to  a  heat  ftrong  e- 
nough,  was  affeCted  like  other  metals,  and 
burnt  like  the  relt  to  a  calx. 

But  as  gold  is  not  to  be  moved  at  all  by  bur 
fires  any  farther  than  to  be  melted,  fo  quick- 
filver  with  a  moderate  heat  evaporates.  But  if 
quickfllver  be  put  into  a  glafs,  and  expofed 
long,  to  a  lefs  heat  than  what  will  evaporate  it; 
in  length  of  time  it  will  be  reduced  to  a  red 

powder. 
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powder,  which  has  ufuaily  been  called  Mercu- 
rius  prsecipitatns  per  fe -,  but  is  now  by  the  col¬ 
lege  (tiled  Mercurius  calcinatus. 

The  calx  of  lead  is  called  by  different  names 
according  to  the  degree  of  calcination  it  has  un¬ 
dergone.  When  calcined  till  it  is  become  red, 
it  is  called  minium  or  red  lead,  as  has  been  al¬ 
ready  obferved.  The  calx  of  lead  acquires  this 
colour,  not  by  the  violence,  but  long  continu¬ 
ance  of  the  fire. 

When  lead  is  burnt  off  from  filver  or  gold  in 
order  to  feparate  thofe  metals  from  it,  (the  prac¬ 
tice  of  which  will  be  illuftrated  hereafter)  it  fuffers 
a  greater  heat,  but  not  fo  long  continued.  After 
this  calcination  it  is  called  litharge.  It  does 
not  here  acquire  fo  bright  a  colour,  but  litharge 
will  receive  this  colour  and  become  minium  by 
a  long  calcination. 

Litharge  has  been  diflinguifhed  into  two 
kinds,  litharge  of  gold  and  litharge  of  filver, 
as  if  the  metal,  from  which  the  lead  was  burnt, 

.  |  nr*- 

made  a  difference  in  the  litharge-,  whereas  the 
litharge  is  (imply  lead  calcined,  unlefs  when  it 
is  mixt  with  a  fmall  quantity  of  what  other  b$fe 
metal,  may  have  rendered  the  filver  and  gold 
impure.  However  litharge  is  feen  of  two  co¬ 
lours,  which  arifes  only  from  this.  As  it  falls 
from  the  furnace,  it  concretes  into  larger  lumps, 

the 
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the  outfide  of  which  to  fome  depth  in  cooling 
becomes  of  a  pale  colour,  the  inner  part  being 
red. 

Lead  and  tin  calcined  together  in  the  propor- 
tion  of  two  parts  of  lead  to  one  of  tin  makes  a 
white  powder  called  by  workmen  putty,  and  is 
ufed  in  polishing  metals.  This  is  not  the  putty 
of  the  glaziers.  That  is  whiting  with  or  without 
a  little  white  lead  wrought  into  a  pafte  with  lin- 
feed  oik  1  . 

Lead,  when  calcined,  will  diffolve  in  oils,  as 
is  feen  in  making  the  plaiflers,  which  have  cal¬ 
cined  lead  in  their  compofition  ;  fuch  as  tho 
common  plaifters,  which  have  goneufually  under 
the  name  of  the  diachylon,  emplaftrum  e  minio, 
&c. 

Iron,  calcined  till  it  becomes  red,  was  the 
crocus  martis  aftringens  of  the  London  pharma¬ 
copoeia.  But  fcarce  two  authors  agree  in  their 
account  of  the  preparation  of  this  medicine. 
There  is  another  crocus  of  fteel  called  aperiens* 
which  we  fhall  mention  hereafter.  This  alfo 
has  almoft  as  many  procefies  for  its  preparation, 
as  there  are  authors,  who  defcribe  it.  Nay 
what  in  fome  authors  is  called  crocus  aperiens,  is 
called  by  others  aftringens.  Nor  is  it  eafy  to 
afiign  any  great  difference  between  them  in  their 
operation  however  prepared ;  they  are  all  the 

calx 
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calx  of  iron.  Our  chemifts  at  prefent  fell  the 
colcothar  of  vitriol  for  both. 

The  calx  of  lead  by  a  flrong  heat  will  again 
melt,  and  become  a  reddifh  kind  of  glafs.  This 
glafs  will  incorporate  with  fand.  If  three  parts 
of  litharge  be  melted  with  one  part  of  white  fand, 
it  makes  what  is  called  vitrum  faturni,  or  glafs 
of  lead,  and  is  a  preparation  ufeful  in  treating 
filver  and  gold  ores. 

That  called  flint-glafs  is  a  compcfition  of  fine 
white  fand,  nitre,  and  lead.  They  do  not  put 
lead  in  its  metallic  form  into  their  pots  with  the 
other  ingredients,  becaufe  upon  its  firfl  melting 
it  would  fink  to  the  bottom  and  corrode  the  pot, 
fo  as  to  eat  holes  in  it.  They  therefore  ufe  ei¬ 
ther  red  lead  (the  preparation  of  which  I  have 
jufl  now  deferibed)  or  white  lead,  the  procefs  for 
making  which  will  be  explained  hereafter,  or 
both  together. 

Nitre  and  fand  without  any  farther  addition 
will  make  a  fine  tranfparent  glafs  •,  but  it  is  not 
durable  :  it  will  foon  be  full  of  little  flaws, 
called  by  the  workmen  crizling.  The  addition 
of  lead  preferves  the  glafs  from  that  defedh 
When  this  glafs  was  firfl  made  in  England  the 
proportions  obferved  were  one  part  of  lead,  two 
of  nitre,  and  about  three  and  an  half  of  fand.  But 
this  glafs  after  a  courfe  of  years  became  fubjeft 

to 


2 


Lect.  i 6.  OF  CHEMISTRY.  a.3g 

to  the  forementioned  defedl.  More  lead  is  now 
employed  $  though  if  too  much  be  ufed,  it 
gives  the  glafs  a  blackdh  hue  5  and  likewife 
arfenie  in  a  fmail  quantity  is  added  to  the  com- 
pofition. 

The  yellow  and  red  glazing  of  earthen  ware 
is  litharge  fpread  over  the  veiTel  already  burnt, 
and  then  melted  upon  it  into  glafs,  by  a  fecond 
burning  :  the  colour  is  yellow  or  red  according 
to  the  earth  it  is  burnt  upon.  The  litharge  is 
fpread  upon  the  veiTel  by  this  means.  The  li¬ 
tharge  is  ground  with  water,  till  it  is  reduced 
to  extreme  fine  parts,  and  mixt  with  the  water 
to  fome  confidence!  ;  into  this  mixture  they  dip 
the  veiTel.  The  water  foon  foaks  into  the  burnt 
earth,  and  leaves  the  litharge  evenly  fpread 
over  it. 

The  black  glazing  is  performed  in  the  fame 
manner  with  that  kind  of  lead  ore,  which  breaks 
in  large  flakes,  and  is  on  this  account  called 
potters  ore. 

(Hefe  the  model  of  the  potters  furnace.) 

White  glazing  is  compofed  of  three  parts 
lead  and  one  of  tin  calcined  together.  Then 
melted  into  an  opake  kind  of  glafs  with  fand  and 
the  aihes  of  the  fea-weed  called  kelp,  this  glafs 
being  ground  with  water  and  laid  on,  as  the 
other  glazings  are. 

Thus 
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Thus  our  fires  eafily  vitrify  the  drofs  or  calx 
of  lead ;  but  are  fcarce  ftrong  enough  to  melt 
perfedtly  the  calx  of  any  other  metal.  Our 
fires  will  alfo  vitrify  the  metallic  part  of  anti¬ 
mony.  If  the  mineral  be  roafled  with  a  gentle 
fire,  at  firft  it  fmokes  ;  when  this  fmoke  ceafes, 
if  it  be  melted,  there  feparates  a  metallic  part : 
(other  methods  of  obtaining  this  metallic  part 
will  be  fhewn  hereafter,)  but  here  if  the  roafting 
be  longer  continued  with  a  fire  gradually  in* 
creafed,  and  at  length  the  mineral  is  melted  for 
a  due  time,  a  glafs  is  produced,  which  has 
been  ufed  in  medicine,  and  i§  a  flrong  emetic. 

However  the  burning-glafs  before  mentioned 
would  not  only  turn  gold  into  a  caix,  but  even 
melt  that  calx  into  glafs. 

The  experiments  that  were  made  with  that 
glafs  upon  metals,  illuftrate  greatly  the  nature 
of  thofe  bodies. 

When  gold  or  filver  were  held  in  the  very 
focus  of  the  glafs,  after  melting  they  were  dif- 
fipated  in  fmall  grains,  which  being  collected* 
appeared  to  be  minute  globules  of  metal  no¬ 
thing  altered,  juft  as  we  fhall  find  quickfilver  to 
be  difperfed  by  our  fires.  At  a  fmall  diftance 
from  this  place  of  the  intenfeft  heat  the  metal 
fmoked  much,  and  a  powder  foon  gathered 
upon  die  fubftance  of  the  metal,  which  in  gold 

would 
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Would  melt  into  a  little  fpeck  of  glafs,  and  run 
off  from  the  metal,  leaving  the  furfaee  of  the 
metal  bright,  which  would  foon  be  covered 
again  with  frefh  calx,  and  that  melt  again  into 
another  fpeck  of  glals  as  before.  The  calx 
produced  upon  the  furfaee  of  filver  would  not 
melt,  but  lay  fpread  over  the  metal  in  the  form 
of  a  fine  duft,  gradually  increafing.  If  the  filver 
had  been  melted  with  antimony,  there  would 
appear  a  vitrification, 

If  the  filver  or  "old  were  held  ftill  a  little  far- 
ther  from  the  focus;  it  only  fmoked  and  wafted 
Very  flowly  without  calcining  at  all. 

In  all  thefe  experiments  the  metal  was  held 
to  the  glafs  lying  on  a  piece  of  charcoal. 

If  any  oftheotherfour  metals  lead,  tin*  copper* 
or  iron,  were  held  to  the  focus  of  the  glafs  upon  a 
left  made  of  bone-afhes,  they  foon  calcined. 
Lead,  quickly  after  its  calcining,  vitrified.  Tin 
would  fcarce  vitrify  at  all.  Copper  vitrified 
completely.  Iron  almoft,  but  the  fubftance  it 
lay  upon  melting  at  the  fame  time  hindered  the 
profecuting  of  the  experiment  to  fo  perfect  a  vF 
trifkation*  as  was  effected  in  copper.  All  thefe 
Calxes,  even  when  vitrified,  upon  being  laid 
upon  a  piece  of  charcoal  in  the  heat  of  the  foctir 
foon  returned  again  into  metal  All  thefe  men¬ 
tals  if  laid  upon  charcoal  in  the  heat  of  the  fo- 
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cus  fmokt,  and  wafted  very  faft,  but  would  not 
vitrify  at  all,  except  iron,  which  fometimes 
would  begin  to  vitrify,  when  the  coal  was  fa 
burnt,  as  to  be  turned  to  mere  allies  to  a  good 
depth  under  the  iron. 

Iron  exhibited  feveral  particular  appearances^ 
Before  it  melted  a  black  pitchy  fubftance  fried' 
out  of  it.  This  the  experimenters  call  the  ful- 
phureous  part  of  the  metal.  But  it  lay  upon 
the  metal  without  burning.  If  we  confider  the 
manner,  in  which  iron  is  produced  from  its  ore, 

I  think  we  may  form  a  better  opinion  of  this 
fubftance.  In  making  malleable  iron  the  laft 
remains  of  the  drofs,  or  cinder,  as  the  work¬ 
men  call  it,  are  hammered  out.  This  drofs  is 
black,  as  they  defcribe  the' fubftance,  that  fried 
out  of  the  iron  before  the  burning-glafs,  and  is 
more  fufible  than  the  metal.  Without  doubt 
therefore  this  fubftance  was  a  little  remains  of 
this  drofs  left  in  the  iron. 

As  foon  as  the  body  of  the  iron  melted  upon 
the  charcoal,  it  fputtered  very  much,  and  would 
wafte  all  away  in  fiery  fparks,  except  in  the  fore- 
mentioned  cafe,  when  a  large  bed  of  mere  allies 
gathered  under  it ;  but  if  ever  it  ceafed  from  * 
fparkling  by  that  means,  by  ihaking  the  coal, 
and  thereby  removing  thofe  afties,  the  fparkling 
would  return  again.  .  . 
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Iron  upon  the  teft  did  not  fputter  at  all,  ex¬ 
cept  it  had  firft  been  melted  upon  charcoal ; 
then  upon  a  teft  it  would  fputter  all  away. 

If  the  iron,  after  its  being  vitrified,  were  laid 
upon  a  piece  of  charcoal  in  the  focus  of  the 
glafs,  it  continued  quiet  for  feme  time  ;  but 
at  length  it  would  begin  to  fputter.  Then 
being  removed  it  appeared  no  other  than  melted 
iron. 

Thus  we  fee  the  inflammable  body,  charcoal, 
reftored  to  metals  their  form,  after  their  malle¬ 
ability  and  other  proper  charadteriftics  had  been 
deftroyed  by  calcination;  as  if  the  coal  fup-plied 
the  metal  again  with  what,  the  great  heat  of  the 
glafs  had  deprived  them  of. 

In  the  fame  manner  litharge  and  the  calx  of 
tin  heated  red-hot  in  a  furnace,  foon  return 
again  into  their  refpedlive  metal  upon  being 
mixt  with  charcoal,  tartar,  fea-coal  or  any  other 
inflammable  fubftance.  But  the  heat,  wherein 
this  operation  is  performed,  muft  be  greater, 
than  what  would  melt  thofe  metals.  Even  out 
of  flint- glafs  the  lead  may  again  be  recovered  by 
this  means,  if  the  glafs  be  mixed  with  a  quan¬ 
tity  of  a  fixt  alkaline  fait  to  render  it  more 
fluid. 

I  The  feales  of  copper  alfo,  though  not  fo  ea£U 
ly  reduced  as  litharge,  yet  the  operation  may  be 
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effedled  with  a  ftrong  fire  by  the  addition  of  an 
inflammable  fubftance. 

The  fcales  of  iron  are  not  eafily  reduced  b^ 
our  fires.  It  has  been  attempted  at  the  furnaces, 
where  iron  is  fmelted,  without  fuccefs.  This 
is  owing  to  the  difficulty,  wherewith  iron  melts-. 
For  in  the  other  metals  a  greater  heat  is  requir¬ 
ed  to  reduce  the  calx,  than  what  would  melt 
the  metal  The  fore- mentioned  burning- giafs 
would  not  give  heat  enough  to  reduce  the  calxes 
of  gold  and  filver. 

All  thefe  effects  ffiew,  that  there  is  in  metals 
an  inflammable  fubftance  ;  the  imperfedt  metal 
called  fpelter  flames  in  the  fire  upon  being  melt¬ 
ed.  But  though  this  appearance  is  feen  in  no 
metal,  yet  iron,  when  brought  to  a  very  intenfe 
heat,  will  not  be  cooled  by  blowing  air  upon  it, 
but  be  brightened  by  it,  as  if  farther  heated  by 
the  blaft  after  the  manner  of  inflammable  fub- 
ftances  ^  alfo  as  nitre  has  been  fhewn  to  increafe 
the  inflammability  of  burning  bodies  very  much, 
fo  the  two  lighted  metals  tin  and  iron,  by  being 
mixt  with  nitre,  will  fend  out  a  very  bright 
flame. 

Farther,  though  nitre  will  not  caufe  lead  to 
flame,  yet  it  will  fuddenly  produce  in  it  the 
fame  effedt  as  a  ftrong  adtion  of  the  fire  :  for  if 
nitre  be  melted  by  a  ftrong  fire,  till  it  is  red- 
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hot,  a  lump  of  lead  thrown  into  it  will  fuddenly 
be  calcined  by  it. 

But  there  is  alfo  another  effed  in  the  calcination 
of  metals,  which  deferves  our  enquiry  :  this  is 
whence  their  calxes  fliould  receive  the  additional 
weight  they  acquire-,  this  being  an  effed  not  pe¬ 
culiar  to  red  lead  only.  I  think  we  may  fafely 
anfwer,  that  it  is  from  the  air.  I  had  occafion  to 
take  notice  toward  the  beginning  of  thefe  ledures 
of  theftrong  adion,  there  is  between  inflamma¬ 
ble  fubftances  and  the  air.  When  any  body  burns 
under  a  clofe  veflel,  till  it  is  extinguifhed,  a  con- 
fiderable  quantity  of  air  is  found  to  have  loft  its 
elafticity.  Thiseffed,  compared  with  the  pre- 
fent  obfervation  upon  the  calcining  of  metals, 
points  out  to  us  pretty  plainly,  whence  the 
calxes  of  metals  receive  their  additional  wxight, 
and  what  becomes  of  that  portion  of  air,  which 
feems  to  be  confumed  by  burning  bodies. 
Without  doubt,  while  the  air  by  ading  on  the 
inflammable  fubftance  either  in  metals  or  other 
bodies  expels  it  from  them,  it  unites  itfelf  (in 
part  at  leaft)  to  the  remains  of  the  body. 

When  red  lead  is  reduced  again  into  lead,  it 
not  only  lofes  all  the  increafe,  it  has  ac¬ 
quired,  but  likewife  falls  fhort  of  the  original 
quantity,  fhewing  how  much  of  the  lead  has 
fumed  away  in  the  calcination, 
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In  calcining  the  metals  care  is  always  taken 
to  have  a  free  accefs  of  the  air  to  them.  Hence 
it  is,  that  in  calcining  quickfilver  a  pipe  is  inferr¬ 
ed  into  the  containing-glafs  open  at  the  bottom 
by  a  imall  orifice,  to  preferve  a  communication 
with  the  external  air. 

However,  to  render  this  matter  ftill  clearer* 
it  may  be  proper  to  confider  diftindtly  this  quef- 
tion,  whether  metals  are  reduced  to  the  forrq 
of  a  calx,  only  by  this  new  matter  added,  join¬ 
ing  with  the  metallic  particles,  or  whether  they 
do  not  alfo  lofe  fomething  from  themfelves  ? 

'  i  J  - 

and,  when  metals  are  recovered  from  their 
calxes,  whether  it  is  effected  by  the  inflammable 
fubflance  put  to  them  {applying  them  with 
fomething  the  fire  has  robbed  them  of,  or  only 
by  alfifting  the  fire  in  fepa rating  the  adventitious 
matter  joined  to  the  metallic  particles? 

It  is  evident,  that  all  the  adventitious  matter 
gained  upon  calcination  is  diflodged  again  upon 
the  reduction  of  the  metal.  And,  that  the  metal 
alfo  receives  fomething  from  the  fubfiance  j  oined 
with  it,  is..  I  think,  manifefl  from  the  experi¬ 
ments  above  related. 

The  four  metals  lead,  tin,  copper,  and  iron, 
■while  lying  on  charcoal,  would  not  calcine,  ex¬ 
cepting  iron  only  in  one  circumflance,  where  it 
was  in  the  fame  cafe,  as  if  it  had  not  laid  upon 
2  ■  a  coal3 
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a  coal,  but  upon  a  fubftance  not  inflammable. 
Now  in  this  cafe  the  calcination  could  be  hin¬ 
dered  no  otherwife,  than  by  the  coal’s  fupplying 
the  metal  with  fomething,  which  the  heat  took 
from  it.  In  iron  it  is  ftill  mare  manifeft  than  in 
the  reft,  that  the  metal  imbibed  fomething  from 
the  coal,  from  that  faculty  of  {puttering,  which 
it  acquired  by  being  melted  on  it  ;  for  it  would 
afterwards  {putter,  though  removed  upon  a  teft. 
After  it  had  been  calcined,  being  laid  upon  a 
piece  of  charcoal  the  iron  lay  quiet  for  fome 
time;  but  at  length  would  begin  to  {putter; 
and  then  was  become  iron  again.  Silver  and 
gold  calcined  even  upon  charcoal  in  a  certain 
degree  of  heat  ;  but  with  a  lefs  heat  they  would 
not  calcine,  but  wafte  in  fume,  as  the  other  me¬ 
tals  did.  When  they  calcined,  I  fuppofe,  the 
charcoal  could  not  fupply  them  fall  enough,  with 
what  that  great  heat  wafted. 

What  metals  received  from  the  charcoal,  ap^ 
pears  to  be  the  principle,  to  which  it  owes  its 
inflammability;  for  the  coal  burnt  to  allies  fafter 
under  one  than  under  another.  Ironconfumed  it 
fafter  than  the  reft,  as  by  the  {puttering  of  it, 
it  appears  to  have  imbibed  more  freely  than 
the  reft. 

Hence  upon  the  whole  we  may  conclude,  that 
petals  may  be  analized  into  two  different  fub- 
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fiances  •,  one  whereon  the  body  and  fubftance 
of  the  metal  depends,  the  other  to  which  is 
owing  the  metallic  form.  This  laft  appears 
to  be  that  principle  common  to  all  inflammable 
bodies,  to  which  they  owe  their  power  of  burn¬ 
ing,  and  therefore  is  in  all  metals  the  fame ;  but 
the  other  mull  be  different  to  conftitute  the 
diftindt  fpeciflc  qualities  of  each  metal.  Thefo 
two  are  the  fulphur  and  mercury  of  the  ancient 
0 
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LECTURE  XVII. 


HAVING  thus  difcovered  the  conftituent 
parts  of  metals,  before  we  proceed  to  the 
operations  on  their  ores,  it  will  be  requifite  to 
fhew  the  a6lion  of  acid  fpirits,  and  falts  upon 
them  ^  for  fuch  fubltances  are  mixed  with  them 
in  the  ore. 

And  thefe  acids  may  be  confidered  in  a  two¬ 
fold  refpect,  either  when  joined  with  water,  and 
conftituting  an  acid  fpirit ;  or  when  united  with 
terreftrial  fubftances,  as  in  folid  falts. 

Now  I  fhall  confider  the  acid  fpirits. 

By  two  of  thefe  all  metals  may  be  difTolved. 
Spirit  of  nitre  alone  will  difiblve  filver,  copper, 
iron,  lead,  and  quickfilver,  and  by  the  addi¬ 
tion  of  fpirit  of  fait  the  other  two  metals  gold 
and  tin. 

This  mixture  of  the  fpirits  of  nitre  and  of  lea- 
fait,  called  aqua  regia,  diflfolves  all  the  metals 
except  filver ;  and  fpirit  of  fea-falt  alone  dif- 
folves  all  but  gold  and  tin. 

In  the  adtion  of  acid  fpirits  upon  metals  and 
metallic  bodies  there  are  three  remarkable  dif¬ 
ferences  to  be  obferved.  Sometimes  the  acid 
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fpirit  fo  a£ls  upon  the  metal,  as  to  receive  it  into 
itfelf,  that  they  become  together  one  fluid  body, 
and,  if  any  quantity  of  water  be  added  to  the 
fpirit  thus  impregnated,  the  metal  (till  remains 
fufpended,  and  is  diffufed  throughout  the  water, 
as  it  was  before  in  the  fpirit.  Of  this  kind  is 
the  folution  of  filver,  copper,  quickfilver  and 
other  metals  in  fpirit  of  nitre.  In  feme  inftances 
the  metal  is  only  corroded  to  powder,  and  not 
joined  with  the  fpirit.  This  is  the  cafe  of  tin 
with  fpirit  of  nitre.  There  is  likewife  a  third 
circumftance,  where  the  metal  is  received  into 
the  fluid,  but  it  will  not  join  with  an  addi¬ 
tion  of  water.  Upon  the  affufion  of  water  a 
precipitation  is  made.  This  is  feen  in  tin, 
that  has  been  diffolved  to  fat  oration  in  aqua 
regia. 

In  the  fir  ft  cafe  the  acid  of  the  fpirit  by  uniting 
with  the  metal  has  converted  it  into  a  true  fait. 
If  the  fpirit  by  the  help  of  heat  has  taken  up  a 
large  quantity  of  the  metal  ;  the  metal  will 
fhoot,  when  the  fpirit  is  become  cold,  after  the 
manner  of  a  fait.  Thefe  cryftals  diffolve  in  wa¬ 
terlike  falts.  By  a  force  of  fire  they  gradually 
part  with  fo  much  of  their  fpirit,  till  they  be¬ 
come  indififolvible  in  water  ;  which  is  all'o  the 
cafe  of  other  falts.  Their  becoming  indififolvible 
by  lofinga  part  of  the  adhering  acid,  fhews  the 
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difference  between  thefe  metals  and  thofe,  which 
are  only  corroded  by  the  acid  fpirit.  Thefe, 
which  are  only  corroded,  do  not  receive  originally 
fomuch  of  the  acid,  as  the  other  metals  do.  That 
thefe  metallic  cryftals  are  rendered  indiffolvible 
in  water  by  lofing  part  only  of  their  acid  fpirit,  is 
jnanifeft,  becaufe  they  remain  of  a  greater 
weight  than  the  original  metal,  whence  they 
were  made,  and  by  a  longer  application  of  fire 
they  will  ftill  continue  to  part  with  more  of 
their  acid  fpirit,  after  they  have  been  brought 
to  the  condition  of  being  indiffolvible  in  water. 
The  greateft  part  can  fcarce  be  brought  to  part 
with  all  their  acid  fpirit  by  heat  alone,  however 
intenfe :  but  they  require  alfo  the  addition  of 
fome  inflammable  fubftance. 

Thus  the  cafe,  where  metals  are  only  corrod¬ 
ed  by  the  acid  fpirit,  differs  from  the  other  foie- 
ly  by  the  quantity  of  acid,  that  unites  to  them. 
The  third  cafe,  where  water  precipitates  the 
metal,  is  a  medium  between  the  other  two. 
Here  the  metal  has  affociated  itfelf  with  only 
fuch  a  portion  of  acid,  as  limits  the  quantity  of 
'water,  with  which  it  can  unite  itfelf. 

Where  the  metal  is  only  corroded,  fome  por¬ 
tion  of  the  watry  part  of  the  fpirit  feems  to  be 
united  with  it,  though  not  enough  to  make  the 
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mafs  fluid  ;  for  by  diftillation  a  portion  of  acid 
fpirit  may  be  driven  from  it. 

If  filver  diflblved  in  fpirit  of  nitre,  after  eva¬ 
poration  of  the  fpirit,  be  juft  melted  (which  is 
done  with  a  fmall  heat)  it  makes  the  lunar  cau- 
ftic.  The  acid  particles  of  the  fpirit,  by  being 
joined  with  thofe  of  the  filver,  give  the  mafs  a 
very  corroflve  quality. 

This  mixt  with  fait,  and  rubbed  upon  brafs 
will  cover  it  over  with  a  cruft  of  filver.  This 
is  the  means,  by  which  the  dial-plates  of  clocks 
arefilvered. 

In  ail  the  fore-mentioned  procefles  of  evapo¬ 
rating  the  menftruum  from  a  metal,  it  has  dif- 
folved,  the  metal  left  behind  retains  ftill  fo 
much  of  the  acid  fpirit,  that  it  does  not  yet  ap¬ 
pear  in  its  original  form  but  melted  with  any 
inflammable  fubftance,  or  with  an  alkaline  fait, 
not  too  highly  calcined,  it  returns  again  per¬ 
fectly  to  its  metallic  form. 

Metals  may  be  recovered  from  the  men- 
ftruums,  that  have  diflblved  them,  not  only  by 
evaporation  of  the  menftruum  ^  but  by  other 
means  alfo,  viz.  by  precipitation.  This  is  done  by 
putting  to  the  fpirit  fame  fubftance,  between 
which  and  the  fpirit  there  is  a  ftronger  aClion, 
than  between  the  fpirit  and  the  metal  already 
diflblved  in  it. 

1  In 
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In  the  firft  place  fome  metals  precipitate 
others.  If  a  plate  of  copper  be  put  into  a  folu- 
tion  of  filver,  the  filver  will  fall  to  the  bottom  of 
the  containing  glafs,  and  the  fpirit  will  ad  on 
and  diffolve  the  copper.  Iron  will  precipitate 
copper,  and  lixivial  falts  precipitate  this  metal, 
as  it  will  any  of  the  metals  diredly ;  and 
then  the  menftruum  becomes  no  more  than 
nitre  diffolved  in  water,  as  we  have  before 
fhewn. 

In  fome  of  thefe  precipitations  the  powder, 
which  falls  to  the  bottom,  is  pure  metal ;  and 
by  melting  may  be  formed  into  a  mafs,  in  others 
the  precipitating  fubftance  joins  with  the  metal. 

Silver  is  precipitated  out  of  copper  unmixt, 
efpecially  if  a  little  heat  be  applied,  that  the 
menftruum  may  ad  with  full  force  on  the  cop¬ 
per.  Copper  will  alfo  precipitate  gold  pure  out 
of  aqua  regia,  and  iron  precipitates  copper  in 
the  fame  manner  from  fpirit  of  nitre. 

On  the  other  hand,  tin  put  into  aqua  regia, 

-  that  has  diffolved  gold,  makes  a  precipitation 
of  the  gold,  but  united  with  fome  portion  of 
the  tin.  The  lixivial  falts  precipitate  none  of 
the  metals  pure.  Gold  thus  precipitated  falls  in 
a  powder  called  aurum  fulminans,  becaufe,  if 
gradually  heated,  it  explodes  like  the  pulvis 
fulminans,  I  have  before  Ihewn  you. 
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Likewife  as  filver  does  not  at  all  dififolve  irf 
aqua  regia,  fo  common  fait,  or  its  fpirit  put  in¬ 
to  a  folution  of  that  metal  in  aqua  fortis  precU 
pirates  the  filver,  but  not  in  its  metallic  form  $ 
to  reftore  that,  the  precipitation  muft  be  melted 
in  a  crucible,  being  firft  covered  with  fome  al¬ 
kaline  fait.  By  this  method  filver  is  obtained 
exceeding  pure  for  no  gold  will  be  retained  by 
the  aqua  fortis,  and  when  the  fait  is  added,  the 
aqua  fortis  is  not  difqualified  from  retaining  all 
other  metals  except  the  filver. 

As  filver  does  not  at  all  diffolve  in  aqua  re¬ 
gia,  nor  mercury  fo  freely,  as  in  fpirit  of  nitre  5 
common  fait  put  into  a  folution  of  thefe  metals 
in  fpirit  of  nitre  precipitates  them  ;  but  not  in 
their  pure  metallic  form.  The  precipitation  of 
quickfilver  by  common  fait  or  fpirit  of  fait 
makes  mercurius  precipitatus  albus,  and  the 
precipitated  powder  by  wafhing  in  much  water 
is  freed  from  the  acid  lpirit  loofely  adhering. 

There  is  another  method  in  uie  for  making 
white  precipitate,  from  the  compofition,  here¬ 
after  to  be  defcribed,  called  corrofive  fublimate* 
This  is  performed  by  diffolving  equal  quanti¬ 
ties  of  pure  fal  ammoniac  and  this  corrofive 
fublimate  in  water  *  and  then  making  a  preci¬ 
pitation  with  a  folution  of  a  fixt  alkali  fait. 

But 
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But  I  have  now  defcribed  the  moil  ufual  ope- 
rations  upon  the  metals  by  the  acid  fpirits  of  ni¬ 
tre  and  of  common  fait,  except  only  the  ufe 
made  of  thefe  fpirits  by  the  refiners  of  filver  and 
gold.  I  have  before  fhewn,  how  all  other  me¬ 
tals  are  feparated  from  thefe  two.  They  are 
belt  feparated  from  one  another  by  thefe  fpirits. 
When  filver  is  diffolved  in  fpirit  of  nitre ;  if 
any  gold  were  in  the  filver,  it  will  lie  at  the  bot¬ 
tom  in  the  form  of  a  black  or  purple  powder* 
In  like  manner,  if  gold  containing  filver  be 
diffolved  in  aqua  regia,  the  filver  will  be  left 
in  a  white  powder. 

If  thefe  two  metals  are  mixed  in  equal  quan¬ 
tity  neither  of  the  fpirits  will  adtupon  the  mafs: 
and  if  the  predominant  metal  be  not  above 
three  times  the  weight  of  the  other,  the  acid 
fpirit,  by  which  that  metal  is  diffolvible,  will 
eat  it  out  of  the  compofition  without  defL'roying 
the  form.  This  enables  the  e flayers  to  perform 
an  effay  with  great  exadtnefs  in  a  very  fmall 
quantity..  They  ulually  take  about  fix  grains 
only  of  the  gold  to  be  eifayed,  and  refine  it 
upon  a  tefl  with  about  thrice  its  weight  of  fil¬ 
ver  ;  then  beat  the  mafs  into  a  thin  plate,  and 
put  it  into  aqua  fortis,  which  eats  out  the  fil¬ 
ver,  but  leaves  the  plate  intire,  though  brittle. 
By  the  plates  keeping  thus  intire  they  are  fe- 

cure 
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cure  againft  loflng  any  minute  portion  of  gold^ 
which  might  falfify  the  eflay.  To  be  fecure  of 
extracting  all  the  filver,  a  fecond  quantity  of 
aqua  fortis  is  to  be  poured  on  the  plate,  when 
the  firft  has  done  its  office,  and  the  plate  at  laft 
wafhed  with  clean  rain  or  river  water.  But  as 
the  plate  will  (till  look  of  a  brown  colour,  be¬ 
fore  it  is  weighed,  it  is  to  be  brought  to  its  co¬ 
lour  by  igniting  it  with  a  degree  of  hea/c  not 
fufficient  to  melt  it. 

Thus  much  concerning  the  acid  fpirits  of 
fait  and  of  nitre,  The  other  two  acid  fpirits 
deferve  alfo  to  be  confidered. 

By  difiolving  iron  with  oil  of  vitriol  is  made 
the  medicine  called  fal  martis  $  by  its  corroding 
quickfilver  turbith  mineral, 

If  filings  of  iron  be  put  into  oil  of  vitriol  di-^ 
luted  with  three  or  more  times  its  quantity  of 
water,  a  flrong  ebullition  will  arife,  and  the  li¬ 
quor  become  green, 

If  the  flame  of  a  candle  be  applied  to  the 
fume,  which  rifes,  while  the  metal  is  corroded* 
it  takes  fire.  This  is  an  inftrtt&ive  experi¬ 
ment  ;  for  it  fhews  us,  that  in  the  vapour  which 
rifes  from  acid  fpirits,  while  they  corrode  me¬ 
tals,  a  part  at  leaf!  of  the  fulphur  or  inflamma-^ 
ble  fubftance  lodged  in  the  metal  is  carried  off 
into  the  air. 


If 
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If  this  fal  martis  be  kept  in  the  fire  in  a  cru¬ 
cible,  till  it  becomes  red*  it  makes  a  crocus 
martis.  If  this  crocus  be  expoied  to  a  moift 
air,  it  will  flow  in  it  ^  and  make  what  is  called 
(though  improperly)  oleum  martis  per  deliquium. 

Oil  of  vitriol  will  alfo  corrode  lead  in  a  fmall 
quantity  *,  copper  it  will  diffolve  *,  upon  the 
other  metals,  it  will  have  no  effedt. 

Copper,  iron,  and  lead  will  diffolve  in  vine** 
gar,  alfo  tin,  when  calcined. 

If  tin  calcined  be  diffolved  in  diddled  vine*' 
gar,  and  the  djlfolution  in  part  evaporated,  and 
let  to  (hoot,  the  fait  refulting  is  called  fait  of  tin 
or  fal  Jovis.  In  order  that  the  vinegar  may  act 
on  the  tin,  it  ought  to  be  very  highly  calcined* 
by  being  for  a  long  time  expofed  to  the  adtion  of 
a  ftrong  fire. 

Lead,  or  any  calcination  of  it,  being  boiled 
in  vinegar,  till  the  vinegar  becomes  fweet ;  then 
the  liquor  evaporated  in  part,  and  fet  to  {hoot* 
affords  a  fait,  which  on  account  of  its  tafte,  is 
called  the  fugaroflead,  or  faccharum  faturni. 

Lead  corroded  by  the  fumes  of  vinegar  be¬ 
comes  ceruffe  or  white  lead.  The  method  of 
preparing  ceruffe  is  this.  They  fill  pots  in 
part  with  vinegar  ;  then  they  roll  up  thin 
plates  of  lead  and  put  them  into  the  pots. 
By  the  fhape  of  the  pots  the  lead  is  kept  up 
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from  touching  the  vinegar,  and  the  pots  are 
alfo  covered  with  a  plate  of  lead.  Thefe  pots 
ranged  in  rows  they  bury  in  horfe-dung,  by 
the  heat  whereof  the  fteam  of  the  vinegar  rifes 
up  and  corrodes  the  lead  ,  fo  that  its  furface 
becomes  covered  over  with  cerufie.  After 
a  time  they  beat  off  the  flakes  in  a  mill  with 
Hampers,  then  walk  the  powder  in  water  to  fe- 
parate  its  grofs  parts. 

Filings  of  copper  give  vinegar  a  fine  green 
tindlure  j  which  being  evaporated  in  part  will 
fhoot  into  green  cryflals,  which  are  verdigreefe. 
In  Provence  verdigreefe  is  made  by  Gratifying 
plates  of  copper  with  the  hulks  of  the  grapes, 
after  their  juice  is  prefled -out  for  wine.  Thefe* 
with  the  addition  of  fome  wine,  corrode  the 
copper,  and  turn  it  into  verdigreefe. 

If  the  fpirit  of  nitre,  wherein  quickfilver  has 
been  dilfolved,  be  evaporated,  a  white  fub- 
fiance  is  left,  which  by  a  farther  degree  of 
fire  turns  red,  ufually  called  mereurius  preci- 
pitatus  ruber,  but  in  the  prefent  pharmaco¬ 
poeia  mereurius  corrofivus  ruber,  of  excellent 
ufe  in  furgery.  This  freed,  from  what  acid  par¬ 
ticles  loefely  adhere  to  it  by  often  wafhing,  is 
called  arcanum  corailinum.  Some  burn  fpirit 
of  wine  upon  it.  The  reafon  of  this  operation; 
will  be  readily  under  flood  from  the  procefs  we 
2  for- 
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formerly  fiiewed  of  dulcifying  fpirit  of  nitre  by 
mixing  it  with  fpirit  of  wine. 

If  filings  of  iron  or  fteei  be  boiled  with  an 
equal  weight  of  tartar,  they  will  be  corroded  by 
the  acid  of  the  tartar,  and  make  the  chalybs 
tartarifatus  of  Bates. 

If  thefe  filings  mixt  with  twice  their  weight 
of  tartar,  be  formed  with  a  little  fpirit  of  wine 
into  a  pa  fie  and  laid  by  to  ferment  for  three  of 
four  days ;  and  this  procefs  be  repeated  four 
times  or  oftener  :  two  ounces  of  this  fieel  tied 
up  and  fufpended  in  a  pint  of  fpirit  of  wine  will 
impart  to  it  a  fiyptic  quality.  This  is  the  inven¬ 
tion  of  Helvetius.  But  the  procefs  being  te¬ 
dious,  the  college  have  fubftituted  another  in 
its  fie  ad. 

i 

The  imperfed  metals  alfo  are  a<5led  on  by 
acid  fpirits. 

The  magifiery  of  bifmuth  is  prepared  by  dif- 
folving  bifmuth  in  fpirit  of  nitre,  and  precipi¬ 
tating  it  by  diluting  the  folution  with  a  quantity 
©f  fair  water* 
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LECTURE  XVIII. 


ESIDES  the  acid  [pints,  folid  falts  by  vir- 


JL#  tue  of  the  acid  in  them  have  very  remark¬ 
able  effefts  upon  metals,  and  metallic  bodies. 
Thefe  we  [hall  now  proceed  to  confider. 

Corrofive  fublimate  is  made  by  mixing  quick- 
filver  with  the  grofs  body  of  fait,  and  of  nitre, 
with  the  addition  of  calcined  vitriol  and  fubli- 
ming  the  compofition.  What  fublimes  is  the 
corrofive  fublimate.  Calcined  vitriol  alone 
with  quickfilver  will  not  make  this  fubli¬ 
mate.  Its  ufe  is  the  fame  as  in  making  aqua 
forth,  only  to  difengage  more  eafily  the  acid 
fpirits  from  the  other  falts. 

This  compofition  is  made  alfo  ufe  of  in  puri- 
fying  gold,  and  in  particular  is  ufeful  to  re¬ 
move  the  laft  remains  of  any  mixture,  that  may 
render  the  gold  brittle.  But  gold  may  be  refi¬ 
ned  by  this  fublimate  alone-,  if,  while  the  gold 
is  infufion,  fragments  of  fublimate  are  fucceff 
fively  thrown  in  upon  it. 

The  reafon  for  this  effect  of  fublimate  may 
be  learnt  from  experiments,  Mr.  Boyle  made 
with  it.  He  laid  plates  of  copper  upon  fubli¬ 
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mate  in  a  retort  and  diddled  it  off  from  them. 
He  made  a.lfo  the  like  experiment  with  filver 
and  gold.  By  this  procefs  the  gold  was  not 
fenfibly  changed,  but  the  copper  and  filver  were 
fo  afted  on,  as  to  be  reduced  into  a  kind  of  ro- 
fin,  which  laid  upon  live  coals  would  burn  away 
with  a  flame. 

If  tin  be  mixt  with  an  equal  or  double  quan¬ 
tity  of  fublimate,  a  liquor  will  d-iftil  from  it, 
which  Mr.  Boyle  makes  particular  mention  of 
on  account  of  its  remarkable  fuming. 

In  corrofive  fublimate  fo  great  a  portion  of 
acid  is  united  with  the  quickfilver,  as  to  render 
it  difiblvible  in  water.  That  the  quantity  of 
acid  adhering  is  the  caufe  of  its  being  thus  dif- 
folvibie,  is  manifeft,  be  caufe  by  only  adding 
more  quickfilver  to  the  compofition,  as  is  done 
in  making  mercurius  dulcis,  the  compound  be¬ 
comes  indiffolvible  in  water. 

This  corrofive  fublimate  now  defcribed,  by 
the  violence  of  its  acrimony  is  one  of  the  mod 
deftrudtive  of  poifons  •,  but  when  mixt  with  a 
fredi  quantity  of  quickfilver,  after  the  rate  of 
four  parts  of  fublimate  to  three  of  frefli  quick¬ 
filver,  and  fublimed  again  it  becomes  milder 
than  before.  By  fubfequent  fublimations  with¬ 
out  the  addition  of  more  quickfilver  it  grows 
dill  lefs  acrid.  The  third  fublimation  makes 
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k  a  medicine  very  fafely  to  be  ufed  internally, 
only  Simulating  very  gently  the  bowels.  If 
the  fublimation  be  repeated  five  or  fix  times,  it 

is  ft  ill  fofter. 

This  preparation,  to  diftinguifh  it  from  the 
preceding  corrofive  fublimate,  is  called  mercu- 
rius  fublimatus  dulcis,  and  more  briefly  mercu- 
rius  dulcis. 

At  the  fir  ft  fublimation  a  greater  quantity  of 
quickfilver  being  united  with  the  acid  of  the 
fublimate,  that  acid  is  in  part  buried  in  the 
quickfilver.  And  further,  at  each  fubfequent 
fublimation  a  part  of  the  acid  is  always  expel¬ 
led  ;  for  every  time  there  rifes  into  the  neck  of 
the  bolt  head  an  acrid  part  to  be  feparated  from 
the  reft.  Therefore  after  every  fublimation  the 
preparation  contains  a  greater  portion  of  quick- 
iilver  in  refpedt  of  the  acid,  than  it  had  before. 
And  thus,  by  being  charged  with  an  additional 
portion  of  quickfilver,  it  is  rendered  indifiblvi- 
btein  water,  and  fo  much  lefs  capable  of  acting 
on  our  bodies,  as  from  a  deadly  poilon  to  be* 
come  a  medicine  only  gently  Simulating. 

With  corrofive  fublimate  an  eminent  opera¬ 
tion  is  performed  upon  antimony.  If  thefe  two 
fubllances  are  mixt  together,  and  diftilled,  there 
arifes  an  unduous  congealed  fubftance,  called 
the  butter  of  antimony.  Many  cautions  are 

given 
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given  by  authors  in  regard  to  this  diftillation. 
That  the  retort  be  large  enough  to  contain  four 
or  five  times  the  quantity  of  the  ingredients  put 
into  it;  and  that  it  be  provided  with  a  wide 
neck,  left  the  butter  fhould  rife  fo  fall  as  to  ob- 
ftrubl  it,  and  breaking  the  veffel  endanger  the 
life  of  the  operator  from  the  fumes,  which  would 
be  emitted.  But  the  procefs  is  daily  performed 
with  great  fafety  in  the  retorts  made  at  our 
glafs  houfes,  whofe  necks  are  always  too  large 
to  be  choaked  up,  though  the  retort  be  compe¬ 
tently  filled  with  the  materials ;  provided  only 
that  the  butter  be  melted  down  by  approaching 
fome  hot  body  to  the  neck  of  the  retort,  where 
it  he  butter  lodges. 

As  foon  as  coloured  fumes  arppear,  the  ope¬ 
ration  fhould  be  flopped,  that  the  butter,  which 
is  come  over,  may  not  be  difcoloured  by  them. 
From  what  remains  in  the  retort  may  be  fublim- 
ed  a  fubftanoe  of  a  red  but  fomewhat  dull  co¬ 
lour,  which  is  the  true  cinnabar  of  antimony. 
The  quantity  of  this  cinnabar  is  fomewhat  un¬ 
certain,  depending  upon  the  quality  of  the  an¬ 
timony.  For  in  this  procefs  the  acid  of*  the  fub- 
limate  quits  the  quickfilver,  and  unites  with 
the  regulus  part  of  the  antimony,  by  this  means 
-forming  the  butter ;  the  fulphur  of  the  anti- 
jrnony  unites  with  the  quickfiiver,  and  forms  a 
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cinnabar.  The  quantity  therefore  of  cinnabar 
depends  upon  the  antimony’s  abounding  in  fuU 
phur.  By  this  procefs  it  appears,  how  near  the 
fulphureous  part  of  antimony  approaches  to  the 
nature  of  common  brimftone. 

Authors  differ  greatly  in  regard  to  the  pro¬ 
portion  to  be  obferved  between  the  fublimate 
and  the  antimony,  fome  advife  equal  parts  of 
each,  others  recommend  three  times  as  much 
of  fublimate  as  of  antimony.  If  the  fublimate 
be  ufed  in  too  great  a  proportion,  pure  quick- 
filver  will  be  found  after  the  operation.  If  the 
antimony  exceed,  fome  antimony  unaltered  will 
be  left.  I  have  generally  found,  that  with 
twice  as  much  fublimate  as  antimony  the  pro¬ 
cefs  fucceeds  mod  completely.  This  procefs 
fo  far  as  relates  to  the  cinnabar  being  thus  pre¬ 
carious,  what  has  been  ufually  found  in  the 
fhops  under  the  name  of  cinnabar  of  antimony. 
Is  only  a  little  antimony  mixt  with  the  ingre¬ 
dients  for  common  cinnabar,  before  fublima- 
tion. 

The  butter  of  antimony,  by  repeated  rectifi¬ 
cations,  or  being  left  open  to  the  air,  runs  into 
a  liquor,  and  is  then  called  oil  of  antimony. 
This  is  ufed  as  a  caufiic,  and  is  efteemed  for 
keeping  itfelf  confined  to  the  place,  on  which 

it 


Lect.  18.  OF  CHEMISTRY.  2  65 

it  is  layed,  without  fpreading,  as  other  caufl 
tics  do, 

Rutter  of  antimony  being  put  into  a  large 
quantity  of  water,  the  antimonial  regulus  preci¬ 
pitates  from  it  in  the  form  of  a  white  powder, 
called  mercurius  vitae.  This  is  a  very  flrong 
emetic  ;  but  has  nothing  of  quickfilver  in  it,  as 
its  name  would  imply,  but  is  the  regulus  of 
antimony  waflied  from  part  of  the  adhering 
acid. 

Antimony  in  powder  well  mixed  with  thrice 
its  weight  of  nitre,  and  thrown  by  degrees  into 
a  crucible  moderately  heated,  and  then  remov¬ 
ed  from  the  fire  and  waflied  in  water,  produ¬ 
ces  what  is  called  diaphoretic  antimony. 

If  upon  butter  of  antimony  be  poured  fpirit 
of  nitre,  till  all  ebullition  ceafes,  and  then  the 
fluid  part  of  the  mixture  be  drawn  off,  a  pow¬ 
der  will  be  left  void  of  any  emetic  quality. 
This  is  called  bezoar  mineral,  and  has  been  held 
in  high  efteem  by  many,  and  put  in  the  firfl: 
clafs  of  the  medicines  dignified  by  the  name  of 
alexipharmacs.  But  as  it  refembles  very  much 
diaphoretic  antimony,  fo  it  has  no  greater  qua¬ 
lities.  If  it  be  melted  with  tartar,  charcoal,  or 
the  like  inflammable  fubftance,  it  returns  to  re¬ 
gulus  of  antimony,  as  diaphoretic  antimony 
does. 
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The  liquor  drawn  off  is  called  fpiritus  nitrl 
bezoardicus,  and  will  diffolve  gold,  like  aqua 
regia. 

From  all  this  we  fee  beyond  difpute,  that  the 
fpirit  of  lea  fait  is  an  ingredient  in  butter  of  an¬ 
timony  ;  becaufe  from  the  butter  of  antimony 
the  fpirit  of  nitre  acquires  a  power  of  diffolving 
gold;  and  of  the  ingredients  ufed  in  that  pre¬ 
paration,  common  fait  is  the  only  one,  from 
whence  the  fpirit  of  nitre  can  receive  this  powder. 

The  acid  fpirit  of  fea  fait  contained  in  fal  am¬ 
moniac  will  alfo  a 61  on  the  metals. 

If  this  fait  be  mixed  with  an  equal  weight  of 
filings  of  iron,  and  being  well  ground  together 
they  are  put  into  a  retort,  with  a  fire  raifed  by 
degrees  to  a  due  height,  a  fublimation  will  fix 
itfelf  in  the  neck  of  the  retort  tinctured  by  the 
iron.  This  mixt  with  the  bottom  and  fub- 
limed  again  will  be  more  deeply  coloured  than 
before.  Alfo  if  to  what  then  remains  more  fal 
ammoniac  be  added,  a  like  fublimation  may 
again  be  made.  And  by  the  repetition  of  the 
procefs  all  the  iron  may  be  fublimed. 

In  the  fame  manner  fal  ammoniac  mixt  with 
the  colcothar  of  any  of  the  vitriols,  will  carry 
up  with  itfelf  their  metallic  part.  Hence  fhoots 
giartialis  ammoniac* 
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If  quickfilver,  tin,  fal  ammoniac,  and  flow¬ 
ers  of  fulphur  are  mixt  together  in  juG  quanti¬ 
ties,  and  put  into  a  bolt-head,  heat  being  gra¬ 
dually  applied  at  length  a  reparation  will  be 
made,  and  a  light  brittle  fubGance  of  a  golden 
colour  found  in  the  middle  which  is  called  aur 
rum  mufivum.  The  form  of  the  procefs  is 
this,  firG,  to  melt  the  tin,  and  then  add  the 
quickfilver  to  it,  which  readily  mixes  with  the 
tin,  and,  when  cold,  compofes  with  it  a  brittle 
body  ;  and  this,  when  powdered,  is  to  be  well 
rubbed  with  the  other  ingredients:  when  the 
fublimation  is  completed,  there  comes  out  of 
the  bolt-head  a  fetid  fmell  refembling  that  of 
rotten  eggs. 

Though  the  acid  fpirit  extradled  from  vitriol 
will  not  operate  on  all  the  metals  :  yet  the  fame 
acid  in  fulphur  will  aft  upon  every  one,  upon 
all  but  gold  and  tin  alone,  and  upon  them,  if 
it  be  firft  melted  with  a  lixivial  fait. 

In  order  to  calcine  the  metals  with  fulphur  it 
is  ufual  to  reduce  them  to  fmall  parts,  that  they 
may  the  fooner  be  penetrated  by  the  fulphur. 
This  may  be  done  either  by  granulating  the  me¬ 
tal,  or  by  Gratifying  thin  plates  of  it  with  the 
brimGone.  This  method  of  Gratification,  as 
the  chemiGs  call  it,  is  ufually  defcribed  thus ; 
that  the  bottom  of  $  crucible  be  firG  covered 

with 
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with  fulphur ;  then  a  plate  of  metal  laid  upon 
it ;  and  this  being  alfo  covered  with  fulphur, 
another  plate  of  metal  laid  on,  thus  proceeding 
till  all  the  plates  are  put  into  the  crucible,  the 
upper  mo  ft  plate  being  alfo  covered  with  ful¬ 
phur.  But  the  fame  intention  may  be  more 
compendioufly  anfwered  by  thrufting  bus  of  the 
metalline  plates  perpendicularly  into  the  ful¬ 
phur,  after  that  has  been  put  into  the  crucible. 

An  expeditious  method  of  granulating  the 
metals  is  by  pouring  them,  when  melted,  into 
water  from. fame  height.  If  the  metal  is  not  a 
valuable  one,  it  is  ufual  to  pour  it  through  a 
birch  broom. 

Tin  is  often  reduced  to  powder  by  pouring 
it  melted  into  a  box,  and  at  the  in  ft  ant  it  be¬ 
gins  to  fet  {halting  it  about.  The  like  may  be 
done,  though  not  quite  fo  eafily  with  other  me¬ 
tals  :  for  the  metals  in  the  point  of  their  change 

from  a  fluid  ftate  to  their  folid  and  malleable 

* 

confiftence  are  brittle. 

If  quickfilver  be  ftirred  into  melted  brim- 
ftone,  it  will  incorporate  with  it,  and  upon  their 
union  the  mixture  ufually  takes  fire.  It  is  im¬ 
mediately  extinguiflied  by  putting  a  clofe  cover 
upon  the  vefifel,  in  which  the  matter  is  contain¬ 
ed.  This  mixture  fublimed  is  called  fadtitious 
cinnabar  from  its  near  refemblance  to  the  na- 

tive$ 
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tive,  which  is  a  natural  union  of  fulphur  and 
quickfilver.  The  painters  ufe  this  preparation 
under  the  name  of  vermillion. 

If  a  bar  of  iron  be  heated  glowing  hot,  it 
melts  down  at  once  into  a  brittle  calx- upon  the 
contad  only  of  a  roll  of  brimftone. 

This  calx  dropping  into  water,  freed  from 
the  brimflone  and  reduced  into  a  very  fine  pow¬ 
der  is  called  chalybs  cum  fulphure  preparatus. 


LEG- 
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LECTURE  XIX. 

\ 

HAVING  inquired  into  the  principles  of 
which  metals  confift,  we  fhall  now  con- 
fider,  in  what  form  they  are  found  in  the  earth, 
and  by  what  arts  they  are  extracted  from  their 
relpedive  ores. 

Metals  are  fometimes  found  pure,  fometimeS 
mixt  with  and  concealed  in  other  fubftanees. 

All  the  gold,  we  have,  is  found  in  the  vifiblc 
form  of  gold.  Some  is  found  in  fmall  grains* 
and  dull  among  the  fands  of  certain  rivers,  from 
whence  it  is  feparated  only  by  agitating  the  fand 
in  water,  whereby  the  gold,  having  a  much 
greater  fpecific  gravity  than  the  fartd,  fubfides, 
and  colle&s  together  at  the  bottom  of  the  vefTel* 
in  which  the  operation  is  performed.  Thus  is 
collected  all  the  gold  we  have  from  Africa  : 
and  here  it  is  feparated  from  the  fmall  remains 
of  fand  dill  concealed  in  it  by  melting  it  with 
nitre.  The  nitre  converts  the  fand  into  a  glafs, 
which  riles  out  of  the  metal  upon  its  melting, 
and  fwims  upon  it  in  a  feparate  body. 

In  America  the  gold  is  found  in  veins  within 
a  white  rocky  fpar  :  from  whence  it  is  extracted 

only 
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only  by  grinding  with  quickfilver.  Quickfilverv 
as  I  fhail  fiiew  hereafter,  will  unite  with,  and, 
as  it  were,  diflolve  gold  :  and  therefore  in  grind¬ 
ing  the  golden  fpar  with  it,  the  gold  is  imbibed 
and  feparated  clean  from  the  fpar. 

In  the  ores,  where  filver  is  the  predominant 
metal,  it  alfo  is  ufuallv  feen  in  them  in  its  me¬ 
tallic  form.  And  in  America  is  feparated  by 
quickfilver,  as  gold  is,  only  with  fome  larger 
apparatus,  and  fome  additional  operations  to 
prevent  other  fubfbances,  often  found  in  the  ore, 
from  obftructing  the  quickfilver  in  its  imbibing 
the  metal. 

Gold  is  faid  to  be  contained  in  fome  fub- 
ilances,  where  it  is  not  feen,  in  its  metallic  form* 
as  in  particular  in  fea-fand,  and  in  lome  flints 
but  not  in  quantity  fufficient  to  make  the  ex¬ 
traction  of  it  profitable,  except  where  it  is  found 
in  ores  of  other  metals. 

'  ’  U 

A  great  deal  of  filver  is  extra&ed  from  ores, 
where  it  does  not  appear  vifibly.  A  great  many 
lead  ores  contain  a*  portion  of  filver.  Molt  of 
thofe  called  filver  mines  in  Europe  are  mines  of 
lead  enriched  with  filver. 

The  other  four  metals,  copper,  lead,  tin, 
and  iron  are  feldom  met  with  in  their  metallic 
form.  Copper  is,  I  think,  the  only  one  ever  fo 
found* 


Thefe 


272 


A  COURSE  Part  IV* 


Thefe  metals  are  generally  in  their  ores  cor¬ 
roded  by  an  acid  fpirit,  which  mull  be  fepa- 
rated  from  them  in  order  to  obtain  the  metal 
pure. 

This  acid  fpirit  is  of  the  vitriolic  kind,  as 
that  is  the  acid,  which  is  found  in  brimftone, 
wherewith  we  have  already  obferved,  that  mar- 
cafites  abound.  And  marcafites  generally  ac¬ 
company  metallic  ores ;  and  are  themfelves  fcarce 
ever  free  from  fome  metal. 

Befides  this  acid  fpirit  there  is  alfo  found  in 
many  of  the  ores  themfelves  the  ufual  contents 
of  the  pyrites,  fulphur,  and,  not  unfrequently, 
arfenic  *,  infomuch,  that  in  calcining  ores  thefe 
fubftances  vifibly  exhale  from  them. 

Thus  ores  are  compounded  of  thefe  feveral 
parts.  The  metal  either  in  its  complete  form, 
or  eroded  by  an  acid  ;  ftony  and  earthy  parts  $ 
befides  the  contents  of  the  pyrites  fulphur  and 
arfenic.  Thefe  laft,  if  left  in  the  ore,  when  it  is 
melted,  will  corrode  the  metal,  and  prevent  its 
receiving  the  due  metallic  form.  But  as  thefe 
fubftances  are  both  volatile,  they  may  be  exhaled 
from  the  ore  by  a  proper  degree  of  heat,  before 
it  is  melted. 

Now  as  metals  are  compounded  of  two  fub¬ 
ftances,  one,  which  conftitutes  the  bulk  of  the 
metal,  and  another,  whence  it  receives  its  me- 
4  tallic 
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tallic  form,  the  art  of  fmelting  confifts  of  thefe 
two  particulars  ;  in  the  firft  place  to  free  the  ore 
from  the  acid*  which  has  corroded  the  metal, 
and  from  all  other  fubftances  that  may  do  fo  in 
the  melting  ;  in  the  fecond  place  to  provide, 
that  the  metal  be  furniftied  with  a  due  portion  of 
the  fubftance  neceflary  to  maintain  its  metallic 
form.  This  we  have  (hewn  to  be  a  fubftance 
common  to  metals  with  other  bodies,  being 
that,  to  which  inflammable  bodies  owe  their 
power  of  burning. 

The  greateft  part  of  copper  ores  contain  fo 
much  of  this  inflammable  fubftance  *,  that  the 
the  art  of  extrading  copper  from  its  ore,  called 
by  the  workmen  fmelting,  confifts  in  freeing 
the  ore  From  its  acid  fpirit. 

They  commonly  firft  burn  away  the  groftefl 
part  of  the  fulphur,  which  lyes  mixt  in  the  ore* 
in  a  furnace  not  capable  of  giving  a  degree  of 
heat  fufflcient  to  melt  the  ore  ;  and  after  this 
light  roafting  is  performed,  they  remove  the  ore 
into  another  furnace  of  the  fame  kind  ;  but  fo 
built  as  to  give  a  greater  heat ;  and  in  this  fur- 
nace  the  ore  is  melted,  Thefe  furnaces  are  one 
of  the  two  kinds  of  reverberatory  furnaces  I 
defcribed  at  the  beginning  of  thefe  ledures. 
One  is  that  wherein  we  lately  diddled  fome  of 
the  acid  fpirits,  where  the  veil'd  containing  the 

T  fob- 
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fubjeft  to  be  diftilled  was  fo  fufpended  within 
the  furnace  over  the  fire,  that  it  hung  in  the 
middle  of  the  flame.  But  to  thefe  now  men¬ 
tioned  the  name  of  reverberatory  ftill  more  pro¬ 
perly  belongs  for  in  thefe  furnaces  the  fire  being 
made  on  one  fide  the  bed,  which  holds  the  ore, 
and  the  exit  for  the  flame  and  fmoke  on  the  op- 
pofite  fide,  the  flame  is  brought  over  and  beat 
down  upon  the  ore.  The  roof  of  the  furnace 
defcends  in  pafling  from  the  fire-place  to  the 
exit  for  the  fmoke  ;  for  the  flame  of  the  fire  di- 
minifhes,  as  its  diflance  from  the  fire  increafes  ; 
and  by  this  ftrubture  of  the  furnace  the  fpace 
between  the  furface  of  the  ore,  and  the  roof  of 
the  furnace  being  alfo  diminifhed,  the  flame, 
when  lefs  in  quantity,  is  condenfed,  fo  as  to  give 
the  fame  degree  of  heat.  By  this  means  the 
whole  ore  is  equally  heated. 

( Here  the  model  of  the  copper  furnace.) 

It  is  fo  difficult  to  difengage  copper  from  its 
ore,  that  in  mofh  ores  there  feparates  from  the 
flag  upon  the  melting  only  a  blackifh  brittle 
fubftance  impregnated  with  copper.  This  the 
workmen  call  a  regulus  of  copper.  From  this 
by  a  fecond  roafting  long  continued  and  fubfe- 
quent  melting,  both  performed  in  the  latter 
furnace,  copper  will  feparate. 


Some 
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Some  rich  ores  yield  copper  upon  the  firft 
melting.  It  is  found  advantageous  to  work 
richer  and  poorer  ones  mixt  together :  for 
the  rich  ores  are  fometimes  defective  in  the 
inflammable  part,  and  the  poor  ores  abound 
with  it. 

When  real  copper  is  thus  feparated  from  the 
ore ;  there  yet  requires  farther  roafting  and 
other  management  to  render  it  pure  :  many  ores 
abound  with  iron  j  in  thefe  the  copper  is  ren¬ 
dered  coarfe  and  brittle  by  a  mixture  of  this  me¬ 
tal  with  it  •,  which  muft  by  fubfequent  calcina¬ 
tions  and  meltings  be  roafted  out.  If  in  thefe 
operations  the  copper  is  deprived  of  its  proper 
portion  of  the  inflammable  fubftance  I  obferved 
to  be  neceffary  to  metals  for  the  fupport  of  their 
metallic  form,  this  is  to  be  reftored  by  adding 
fome  inflammable  fubftance,  that  will  not  too 
foon  be  diftipated,  fuch  as  tartar,  charcoal,  and 
the  like.  But  while  the  copper  is  thus  reftored, 
the  iron  will  remain  burnt,  and  thereby  be  fepa¬ 
rated  from  the  copper. 

This  method  of  fmelting  in  the  reverberatory 
furnace  is  pra6tifed  only  in  our  ifland,  nor  here 
above  three  or  four  fcore  years. 

It  was  firft  begun  upon  copper ;  but  foon 
after  the  like  method  was  put  in  practice  upon 
lead  ore. 

T  2 
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Lead  ore  contains  fo  much  of  a  fulphnreous 
or  inflammable  part,  that  by  roafling  only  a 
large  portion  of  metal  will  feparate  from  it. 

Lead  ore  is  roafled  in  the  fame  kind  of  fur¬ 
nace  as  copper  ore,  but,  while  it  is  roafling, 
it  becomes  foft,  and,  as  it  were,  half  melted. 
To  prevent  its  fofcening  too  fail,  they  throw 
lime  in  upon  it,  which  keeps  the  ore  dry.  They 
flir  the  ore  and  lime  together  with  long  irons 
through  holes  made  in  the  fides  of  the  furnace 
for  that  purpofe.  The  metal  here  melts  from 
the  ore  during  the  roafling,  and  is  let  out,  at 
certain  periods,  by  a  hole  made  for  it  in  the 
fide  of  the  furnace. 

(Here  the  model  of  the  lead  furnace .) 

Lead  ore  does  not  abound  fo  much  with  the 
inflammable  fubftance  fo  often  mentioned,  as 
copper  ore  does :  infomuch  that  a  part  of  the 
metal  is  flill  left  in  the  ore,  and  wants  the  ad¬ 
dition  of  fuch  a  fubflance  to  produce  it. 

To  this  end  they  melt  their  flags  by  the  blaft 
of  bellows  upon  a  hearth  mixt  with  foffil  coals 
already  fo  far  burnt,  as  to  have  their  humid  part 
evaporated,  and  pafl  fending  out  a  grofs  fmoke. 
Such  coals  are  called  coakt  coals.  Coals  thus 
treated  are  in  refpedl  to  crude  coals,  what  char¬ 
coal  is  to  unburnt  wood. 


Thefe 
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Thefe  flags  would  melt  as  thin  in  the  furnace 
as  here.  But  here  they  receive  from  the  coals, 
while  they  melt,  an  inflammable  part  neceflary 
to  their  fupplying  more  metal.  After  all, 
when  the  flag  has  laid  a  time  expofed  to  the  air, 
it  will  yield  more  lead  by  being  melted  upon 
this  hearth. 

(  Here  the  model  of  the  flag-hearth .) 

In  fome  countries  of  England  the  firfl:  part  of 
the  lead  is  (till  melted  from  its  ore  with  bil¬ 
lets  of  wood.  This  is  done  in  a  fquarc  furnace, 
into  which  the  wood  is  flrft  thrown  in  fufficient 
quantity  to  make  the  proper  fire,  which  is 
blown  up  with  bellows  moved  by  a  water¬ 
wheel  •,  and  upon  this  is  thrown  the  ore,  from 
which  in  melting  the  lead  runs  out :  when  that 
ceafes,  the  (lag  is  raked  out,  and  another  fire 
made  up  with  frefii  ore.  From  thefe  flags  is 
extra&ed  the  remaining  lead  in  a  flag-hearth 
with  the  pit-coal  of  the  country.  On  Mendip 
hills,  they  ufeno  pit-coal,  but  wood,  and  charcoal. 

(Here  the  Derby froire  and  Mendip -hills  jurnaces.) 

The  ores  of  tin  and  iron  are  defective  in 
the  inflammable  part.  The  metals  therefore 
are  not  to  be  feparated  from  thefe,  without 
adding  fome  material  from  whence  this  in¬ 
flammable  part  may  be  communicated.  Tin 
ores  are  now  melted  in  Cornwall  in  reverbera- 
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tory  furnaces,  as  copper  and  lead  ores  but  not 
roafled  in  them.  They  are  fpread  over  with 
fmall  coals,  and  melted  diredtly. 

Thus  we  now  fmelt  in  England  copper,  lead, 
and  tin,  by  the  help  of  foil'll  coals.  In  all  other 
countries  metals  are  fmelted  with  charcoal. 
The  fcarcity  of  charcoal,  and  great  plenty  of 
foil'll  coals  with  us,  gave  occafion  to  our  pro¬ 
ceeding  in  a  different  method.  We  made  no 
copper  in  England,  till  the  p refen t  way  of 
working  was  invented.  Lead  and  tin  we  have 
wrought  upon  time  out  of  mind.  Cur  ifland 
has  been  the  principal  fource  of  tin  from  the  ear- 
lieft  accounts  of  time,  and  continues  kill  to  be 
fo  for  both  metals. 

Scarce  any  fuccefsful  method  has  yet  been 
found  of  communicating  to  iron  ore  the  inflam- 
mable  part  from  foffi  1  coals. 

With  charcoal  the  method  cf  fm  el  ting  metals 


is  this  They  firil  lightly  roaft  the  ore  to  expel 
the  loofe  fulphur,  laying  the  ore  upon  wood  or 
fmall  charcoal  fet  on  fire.  Then  they  pound  the 
ore,  and  put  it  into  the  fmeking  furnace  mixt 
with  charcoal.  This  furnace  is  only  a  building 
of  brick,  open  at  top,  where  the  ore  and  char¬ 
coal  is  thrown  in  with  bafkets  alternately,  and 
having' a  fmall  hole  on  one  fide  at  the  bottom, 
before  which  a  bafon  is  made  to  receive  the  rhe- 
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ial,  as  in  melting  it  flows  out  from  this  hole. 
This  furnace  Agricola  delcribes  with  a  cavity 
equally  wide  from  the  bottom  to  the  top.  But 
at  prefentin  our  iron  furnaces,  and  in  the  other 
furnaces  abroad  alfo,  its  cavity  is  made  wideft  in 
the  middle,  narrowing  both  upwards  and  down- 
wards.  Toward  the  bottom  of  the  furnace  the 
nofes  of  two  pair  of  bellows  enter,  which  blow 
alternately  and  are  moved  by  a  water-wheel. 
By  this  vehement  blaflq  and  the  great  ftrength 
of  the  charcoal  fire,  the  acid  fpirit  is  expelled 
from  the  ore,  and  the  fuel  at  the  fame  time  fup» 
plies  the  metal  with  a  due  quantity  of  the  inflam¬ 
mable  fubftance  neceflary  to  it.  In  iron  lime  is 
always  added  to  imbibe  the  acid  fpirit  of  the  ore, 
and  thereby  aflift  the  fire  in  feparating  it  from 
the  metal. 

Iron  ore  before  it  is  thrown  into  the  furnace 

I  ‘  ’  '  '  '  ’ 

undergoes  a  flight  degree  of  roafting  by  being 
piled  up  with  fmall  charcoal,  which  oeing  fet  on 
fire  by  its  heating  the  ore  renders  it  brittle, 
whereby  it  is  more  eafily  broken  into  fmall  frag-* 
ments. 

( Here  the  model  of  the  iron  furnace.) 

Iron  thus  melted  from  the  ore  is  not  malle¬ 
able,  but  requires  farther  management  to  give 
it  that  property.  This  is  effected  in  the  follow¬ 
ing  manner.  They  heat  it  with  charcoal  in  a 
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forge,  where  at  nr  it  it  melts,  but  at  length  by 
imbibing  from  the  coals  a  larger  portion  of  their 
inflammable  part,  and  the  reparation  of  a  quan¬ 
tity  of  a  gla fly  drofs  (called  by  the  workmen 
cinder)  it  grows  gradually  tougher,  and  acquires 
the  foft,  but  tenacious  confidence,  which  malle¬ 
able  iron  has,  when  ftrongly  heated.  If  it  be  not 
brought  to  a  malleable  condition  by  one  melt¬ 
ing,  it  is  heated  over  again  in  like  manner ;  but 
the  fird  heating  is  diffident  for  the  greatedpart 
pf  the  iron,  which  is  wrought  upon  to  be  ren¬ 
dered  malleable. 

As  the  iron  comes  thus  hot  out  of  the  fire  ; 
after  having  fird  received  a  few  blows  with 
wooden  mauls  or  hand-fledges,  it  is  carried,  and 
held  under  the  blows  of  a  large  hammer,  that 
is  raifed  up  by  a  water-wheel.  This  hammer 
beats  the  fmall  remains  of  flag  or  cinder  out 
of  the  metal,  and  unites  it  into  a  clofe  body  of 
malleable  iron.  Afterwards  this  iron  by  repeat¬ 
ed  heatings  and  hammerings  is  beat  out  into  bars 
of  different  fizes,  and  fitted  for  the  market. 
Rut  none  of  the  fubfequent  heatings  are  fo  great 
as  the  fird.  In  forming  the  bars  they  beat  out; 
the  middle  part  fird ;  then  heat  it  at  a  leflfer 
forge,  and  beat  out  the  ends. 

(Here  the  forge-hammer.) 
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Iron  is  lefs  fufible  than  its  cinder  or  flag* 
which  is  thereafon  of  ufing  the  hammer  to  beat 
the  laft  remains  of  the  flag  out  of  it.  This  is  an 
operation  peculiar  to  iron  ;  for  all  other  metals, 
by  their  fufibiiity,  run  liquid  from  their  flag. 
Rut  as  iron  is  lefs  fufible  than  its  flag;  fo  the 
flag  of  iron  is  not  fo  fufible  as  to  flow  perfedly 
from  the  iron  without  the  afliflance  of  the  ham* 
mer  to  force  it  out.  All  flag  flows  more  or 
lefs  tenacious  after  the  manner  of  glafs. 

In  iron  ores,  that  are  very  rich  in  metal,  good 
part  of  the  iron  may  be  obtained  from  them, 
with  a  much  lefs  fire  than  what  is  required  to 
melt  the  other  ores. 

Thefe  ores  may  be  originally  wrought  at  a 
forge,  and  the  iron  rendered  malleable  at  one 
operation,.  Thefe  forges  have  a  pit,  which  be¬ 
ing  filled  with  coals,  and  ore  laid  upon  them  ; 
as  the  ore  foftens  it  finks  down  into  the  pit,  and 
the  flag  runs  from  it,  as  in  the  other  cafe  of  fu¬ 
fible  iron.  The  iron  thus  purged  is  taken  from 
the  pit,  and  hammered  clean  from  the  remaining 
flag,  as  in  the  other  cafe. 

But  here  alfo  muff  be  put  into  the  fire  along 
with  the  ore  a  quantity  of  lime;  that  the  lime, 
by  diflolving  the  fulphureous  part  of  the  ore, 
may  facilitate  the  reparation  of  the  flag.  How¬ 
ever 
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ever  thefe  forges  feldom  or  never  extrad  the 
whole  quantity  of  the  iron  from  the  ore. 

In  fmelung  filver  or  gold  ores,  where  thefe 
metals  are  got  by  melting  the  ore,  they  put  a 
quantity  of  lead  in  the  bafon,  which  receives 
the  metal.  This  lead  keeps  melted  by  the  heat 
of  the  furnace,  and  imbibes  the  ill ver  and  gold 
from  the  flag.  The  metal  is  afterwards  feparated 
from  the  lead  in  the  manner  defcribed,  when  I 
fhewed  the  method  of  refining  thefe  metals  by 
the  help  of  lead. 

Our  refiners  have  an  operation  fomething 
fimilar  to  this,  which  they  call  melting  their 
fweep.  In  parting  filver  from  gold  by  aqua 
fiords,  it  is  no  uncommon  accident,  by  the 
breaking  of  their  glaffes,  to  have  their  metal 
mixt  with  fand.  Such  fand,  together  with  any 
dirt,  wherewith  theyfufped  metal  may  be  mixt, 
they  at  certain  times  operate  upon  to  recover  the 
metal.  It  is  performed  in  a  furnace,  like  that, 
wherein  filver  is  fmelted  from  its  ore  by  char¬ 
coal.  Into  this  furnace  is  thrown  the  fweep,  and 
litharge  mixt  together.  In  the  charcoal  fire  the 
litharge  is  recfuced,  and  runs  out  in  the  form  of 
lead,  having  imbibed,  and  bringing  with  it  what 
filver  or  gold  was  mixt  in  the  fweep.  To  effed 
more  perfedly  the  feparadon  of  their  metal  from 
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the  fand  and  dirt  of  the  fweep,  they  like  wife 
from  time  to  time  throw  in  the  flag  or  cinder  of 
iron.  This  melts  the  fand,  and  feparates  it 
more  effectually  from  the  metal.  And  congeal¬ 
ing  as  foon  as  foon  as  it  comes  out  into  the  air  ; 
by  a  large  poker  they  keep  this  glafly  and  tough 
flag  up  in  the  mouth  of  the  furnace,  and  there¬ 
by  regulate  the  running  of  the  metal  at  plea- 
fure*  The  cinder  of  iron  is  better  for  this 
ufe  than  the  flag  of  any  other  metal ;  be- 
caufe  it  is  of  a  more  pure  glafly  fubftance  than 
the  reft. 

There  is  alfo  another  method,  which  was 
mentioned  above,offeparatingthefe  metals  from 
their  ore,  which  in  ores,  where  the  metal  exifts 
in  its  metallic  form,  makes  the  mo  ft;  perfect  fe- 
paration.  After  the  ore  has  been  freed  by  cal¬ 
cining  from  its  loofe  fulphur,  when  that  is  ne- 
ceffary,  it  is  well  mixt  with  quickftlver  by  grind¬ 
ing  them  together.  The  quickftlver  unites 
itfelf  with  the  ftlver  and  gold,  and  by  that 
means  feparates  them  from  the  ore.  The  quick- 
ftlver  is  feparated  again  from  the  ore,  partly  by 
ftraining  through  leather,  and  partly  by  diftilla- 
tion.  Before  quickftlver  is  mixt  with  the  ore, 
it  is  neceflary  to  free  the  ore  from  its  loofe  ful¬ 
phur,  if  the  ore  abound  therewith :  otherwife 
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the  quickfilver  will  lay  hold  upon  this  fulphur, 
and  not  ad  upon  the  metal, 

Copper  is  fo  flubborn  a  metal  to  free  from 
its  ore,  that  once  fmelting  even  with  char¬ 
coal  will  not  often  do  it  ;  but  only  produce 
a  brittle  regulus,  which  muft  undergo  fubfe- 
quent  roaftings,  and  then  be  melted  down 
again  before  pure  copper  can  be  obtained 
from  it. 

What  has  been  Paid  may  fuffice  to  give  a  gene¬ 
ral  idea,  how  metals  are  extraded  from  their 
ores.  But  I  intend  to  explain  more  particularly 
the  method  of  examining  ores  in  fmall  quanti¬ 
ties,  whereby  the  goodnefs  of  any  parcel  may  be 
judged  of.  This  art  of  e  flaying  admits  of  feve- 
ral  compendiums  not  to  be  put  in  pradice  with 
profit  in  the  great  works  j  the  account  of  which, 
and  illuftration  by  experiment,  I  defign  for  our 
next  meeting.  I  fhall  here  only  in  general  ob- 
ferve,  that  as  ores  come  out  of  the  mines  mixt 
with  earthy  and  ftony  fubftances ;  all  fuch  he?- 
terogeneous  mixtures,  which  are  light  enough 
to  be  wafhed  off  are  feparated  from  the  ores  by 
that  means,  before  they  are  carried  to  the  fmelt- 
ing-houfes  :  and  therefore  it  is  after  this  waffl¬ 
ing,  that  they  are  ufually  effayed.  But  iron 
ores  are  in  this  to  be  excepted  :  they  do  not 
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in  general  require  walking  ;  for  they  lie  in  the 
earth  in  a  different  manner  from  all  others. 
The  reft  of  every  kind  run  in  veins  through 
the  rock,  which  contains  them  ;  but  iron 
ores  compofe  the  intire  body  of  the  rock  or 
hill. 


LEG- 


286 


A  COURSE 


Part  IV. 


LECTURE  XX. 


HEN  the  fmelter  purchafes  ores  from 


V  f  the  mines,  it  is  neceffary  for  afcertain- 
ing  their  value  to  examine  by  eiTaying  a  fmali 
quantity,  what  portion  of  metal  the  ores  con¬ 


tain. 


Though  this  effay  may  be  made  by  the  fame 
means,  as  the  feparation  is  performed  in  the 
great  works,  yet  certain  compendiums  and  af- 
fidances  are  here  ufually  made  ufe  of  by  addi¬ 
tional  materials,  which  cannot  in  the  larger  o- 
perations  be  admitted  with  profit.  Thefe  addi¬ 
tions  are  ufually  called  fluxes  :  and  are  of  dif¬ 
ferent  kinds. 

As  ores  in  effays,  as  well  as  in  the  great  works, 
are  divided  by  fmelting  into  two  parts,  the  me¬ 
tal  itfelf,  and  a  drofs  or  flag  of  a  giaffy  confid¬ 
ence  fwimming  upon  it,  while  they  are  both 
fluid  *,  fome  fluxes  have  no  other  ufe  than  to 
affid  in  rendering  this  melted  dag  more  liquid, 
that  a  lefs  degree,  or  fhorter  continuance  of  the 
fire  may  melt  it  thin  enough  for  the  metal  to 
fall  freely  through  it.  Thefe  fluxes  are  the 
three  falts,  borax,  nitre,  and  the  alkaline  fait  of 
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vegetables  *,  for  any  of  thefe  will  melt  with  fto- 
ny  fubftances  into  glafs.  Glafs  is  alfo  an  expe-' 
client  fometimes  made  ufe  of  in  very  ftubborn 
flags ;  but  it  ought  to  be  of  the  moft  fiuxile 
kind,  except  flint-glafs.  That  muft  not  be 
ufed,  left  the  lead  in  its  composition  fhould  be 
reduced  in  the  operation,  and  by  joining  with 
the  metal  of  the  ore  falfify  the  efiay. 

Thefe  fluxes  are  always  ufeful,  whenever 
there  is  danger,  that  the  metal,  after  it  is  fepa** 
rated,  may  be  burnt,  and  thereby  diminished, 
by  the  ftrength  or  continuance  of  the  fire  re¬ 
quired  to  liquify  the  flag  j  but  they  are  moft 
neceflary,  when  the  Are  is  weak. 

Another  fort  of  fluxes  regard  the  metal  itfelf$ 
which  are  either  fuch  as  will  furnifh  a  due  por¬ 
tion  of  the  requifite  fa  Ip  bur,  when  that  is  want¬ 
ing  ;  or  fuch,  as  may  abforb  whatever  fubf lan¬ 
ces  in  the  ore  might  corrode  and  deftroy  the 
metal. 

The  fluxes  in  common  ufe  are  often  com¬ 
pound  in  their  effe&s,  partly  fupplyingone  office^ 
and  partly  another.  Of  this  kind  is  that  called 
the  black  flux.  We  have  feen  tartar  and  nitre 
rrtixt  in  equal  quantities  burn  together  into  a 
Ample  alkaline  fait.  But  if  the  tartar  be  taken 
double  to  the  nitre,  and  the  mixture  be  fet  011 
ire,  while  one  half  of  the  tartar  is  reduced  with 
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the  nitre  into  an  alkaline  fait*  the  reft  is  only 
burnt  to  a  black  coal*  This  compofes  the 
black  flux ;  and  when  mixt  with  any  ore  in 
melting,  the  coal  is  fitted  to  fupply  the  requi- 
fne  inflammable  part  to  the  metal,  while  the 
fait  attenuates  the  flag.  This  flux  is  4apt  to 
caufe  a  great  intumefcence,  and  endanger  the 
carrying  over  fome  part  of  the  ore  out  of  the 
melting  pot.  But  this  inconvenience  is  reme¬ 
died  by  covering  the  whole  mixture  with  com¬ 
mon  fait,  which  diffolves  the  tenacity  of  the 
furface,  and  prevents  the  intumefcence. 

In  lead  ores  iron  is  the  moft  commodious 
flux  ;  for  this  metal  will  ftrongly  unite  with 
fulphitr  and  even  arfenic*  thereby  imbibing  all 
fuch  fubftances  in  the  ore,  as  might  deftroy  the 
lead  ;  and  at  the  fame  time  will  fupply  the  lead 
with  what  inflammable  part  it  may  want,  itfelf 
abounding  therewith,  as  we  have  feen  by  its 
burning  and  flaming  with  nitre. 

But  this  flux  cannot  be  ufed  in  any  other  ores 
becaufe  it  will  join  itfelf  with  the  metal  of  the 
ore  but  with  lead  it  will  not  join. 

Tin  ore  may  be  melted  with  a  fimple  flux, 
this  ore  requiring  no  abforbent ;  but  only  a  lit¬ 
tle  charcoal,  or  fome  fuch  inflammable  fub- 
ftance  to  give  the  metal  its  form  ;  though  as  it 
is  a  metal  the  fooneft  burnt  of  any,  and  its  ore 

has 
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has  a  Hag  hot  very  eafy  to  melt,  feme  fait  to 
facilitate  the  flowing  of  the  flag  will  be  a  very 
tifefui  addition.  This  may  be  borax.  But  be¬ 
fore  melting  it  is  ufual  to  wafh  away  as  much 
as  poffible  of  the  ftony  and  other  terreftrious 
fubftances,  with  which  the  ore  is  mixt,  all  fuch 
fubftances  being  lighter  than  the  grains  of  ore* 
Wherein  the  metal  is  contained  ;  and  if  the  ore 
is  mixt  with  mundics,  it  is  expedient  before 
waffling  to  roaft  out  the  volatile  part  of  thofe 
fubftances. 

Iron  ore  requires  charcoal  to  give  the  metal 
its  form*  and  fome  alkaline  material  to  abforb 
the  acid  fpirit  5  for  which  purpofe  lime  is  the 
moft  effedual  \  fo  that  lime  with  a  third  or 
fourth  part  of  charcoal  makes  the  befl  flux  for 
this  ore,  with  which  it  may  be  melted,  after  it 
has  firft  been  made  red  hot  by  itfelf,  that  in 
fmelting  it  may  not  upon  the  firft  heat  fly  out 
of  the  melting  pot.  Here  the  chief  difficulty 
is  to  make  the  fire  ftrong  enough.  The  cinders 
of  coals,  if  not  too  much  burnt,  perform  this 
eBay  befl:. 

Copper  ore  is  the  moft  difficult  to  fmelt  of 
any.  It  joins  fo  freely  with  all  other  metals, 
and  is  fo  readily  corroded  both  by  acids  and 
alkalis,  that  there  is  no  commodious  material 
known  for  imbibing  either  the  fulphur  contain¬ 
ed  ed 


ed  in  the  ore  or  the  acid  fpirir,  with  which  the 
metal  is  joined.  They  are  both  to  be  expelled 
by  roafting.  For  this  reafon  copper  ore  is 
fbmetimes  effayed  without  any  addition,  except 
perhaps  fame  fait  in  the  melting  to  promote  the 
fluxility  of  the  (lag  •,  but  is  roafted  or  calcined, 
and  then  melted  down,  as  in  the  larger  work. 
Here  one  roafting  and  melting  will  not  bring 
copper  out  of  mod  ores.  But  if  the  work  has 
been  carried  on  well,  the  copper  will  appear  at 
the  fecond  melting.  To  facilitate  the  roafting, 
the  ore  is  to  be  beaten  to  a  grofs  powder,  and 
be  kept  (birring  all  the  time  it  is  in  the  fire, 
that  it  may  not  clod  together,  as  it  will  do, 
were  it  left  to  itfelf.  If  it  happen  to  clod 
much,  it  fhould  be  removed  from  the  fire,  and 
powdered  again  ;  for  it  roads,  while  in  lumps, 
but  very  (lowly.  The  chief  art  in  this  opera¬ 
tion  is  to  judge,  when  the  ore  is  fo  far  prepar¬ 
ed,  that  metal  may  be  expedied  from  it :  for 
the  roafting  may  be  continued,  till  the  metal 
fhall  be  calcined,  and  burnt  up  to  drofs.  When 
this  has  happened,  it  may  be  known  by  the  co¬ 
lour  of  the  (lag,  which  then  appears  tinged 
with  the  metal.  The  remedy  in  this  cafe  is  to 
melt  the  ftag  down  again  with  fome  material 
proper  for  reftoriog  the  inflammable  part,  which 
has  been  burnt  out.  For  this  purpofe  either 
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charcoal  or  tartar  may  he  ufed  :  tartar  will  the 
lead  thicken  the  flag. 

When  the  ore  fird  grows  hot.  it  feels  fluggifli 
and  heavy,  like  flower,  under  the  rod,  where¬ 
with  it  is  ftirred.  By  degrees  it  grov/s  lighter 
and  feels  dry  like  fand.  By  this  change  the 
reading  is  to  be  judged  of.  It  is  complete, 
when  all  the  fiuggidmefs  upon  dirring  is  gone. 
At  this  time  alfo  it  lofes  its  red  colour  upon  the 
furface,  as  foon  as  the  dirring  is  intermitted, 
whereas  before  the  rednefs  continues  fome  time 
upon  it. 

But  copper  ore  may  be  more  expedioufly  ef- 
fayed  by  roading,  till  it  has  lofb  all  fmell,  and 
then  melted  with  borax  or  fome  fuch  fait  to  pro¬ 
mote  the  fluidity  of  the  flag,  and  alfo  a  little 
charcoal  or  tartar  burnt  black,  led  the  metal 
fhould  have  been  in  any  meafure  calcined. 
Though  care  fhould  always  be  taken  not  to 
road  the  ore  more  than  neceflary  ;  for  metals 
calcined  never  are  redored  again  in  full  quan¬ 
tity. 

In  authors  is  found  a  much  greater  compofi- 
tion  of  fluxes,  than  I  have  recommended.  But 
I  apprehend  the  weaknefs  of  their  fires  rendered 
fuch  great  apparatus  neceflary,  and  thefe  copi¬ 
ous  fluxes  are  attended  with  an  inconvenience  ? 
by  their  bulk  they  fo  fill  the  melting  pot,  that 
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but  a  very  fmall  portion  of  the  ore  can  be  taken 
for  the  eflay. 

In  relation  to  filver  and  gold  ores,  they  arc 
ufualJy  e flayed  by  putting  them  to  lead  in  fti- 
fion  ;  whereby,  while  one  part  of  the  lead  cal¬ 
cines  and  unites  with  the  flony  part  of  the  ore, 
the  reft  imbibes  the  metal,  from  whence  it  is  af¬ 
terwards  to  be  feparated.  If  the  ores  are  ftub- 
born  in  melting,  litharge  fhould  be  added  to 
them,  or  even  the  glafs  of  lead  before  mention¬ 
ed.  If  the  ores  contain  fulphureous  or  arfeni- 
cal  ingredients,  thofe  are  previously  to  be  roaft- 
ed  out. 

In  eflaying  thefe  ores  the  lead,  into  which  the 
ore  is  put,  (either  alone,  or  with  litharge  or  the 
glafs  of  lead,  if  the  ore  be  of  difficult  fufton) 
is  ufually  contained  in  a  veflel  made  in  the  man¬ 
ner  of  a  teft  *,  but,  inftead  of  bone  allies,  of 
fome  earth.  The  reafon  of  which  is,  that  the 
lead  may  not  be  imbibed,  before  it  has  fully  li¬ 
quified  the  ore.  The  earth  of  thefe  veflels 
ought  to  be  of  a  kind  as  little  liable  to  vitrify 
and  be  eroded  by  the  lead,  as  may  be  5  and 
when  the  lead  is  covered  over  with  Hag,  and 
that  melted  fo  thin,  that  the  metal  in  the  ore 
may  eafily  fall  through  it,  the  veflel  is  to  be  re¬ 
moved  from  the  fire,  and  when  cold  the  flag 
feparated  from  the  lead,  which  is  to  be  after¬ 
wards 
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wards  roafted  upon  a  teft  of  allies,  that  the 
metal  of  the  ore  may  be  received  pure.  The 
whole  procefs  may  be  performed  upon  a  teft  of 
bone  allies,  if  the  quantity  of  ore  efiayed  is  fo 
fmall,  that  as  much  lead  may  be  ufed  without 
rendering  the  operation  tedious,  as  will  fuffice, 
before  it  ftiall  be  imbibed  by  the  teft,  for  li¬ 
quifying  duly  the  ore. 

But  a  more  concife  method  is  to  melt  the  ore 
in  a  crucible  with  litharge,  or,  if  it  be  a  ftubborn 
ore  and  require  a  long  and  violent  fire  to  be 
brought  tofufion,  with  glafs  of  lead  ;  and  then 
by  the  addition  of  charcoal  to  reftore  the  lead, 
which  will  carry  down  with  it  the  metal  of  the 
ore.  If  the  ore  require  a  long  or  violent  fire, 
the  glafs  of  lead  is  to  be  ufed,  left  litharge 
ffaould  corrode  the  melting  pot. 
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true  metals  are 
es,  we  (hall  next 
confider  the  imperfedl  metals,  and  their  ores. 

Of  the  imperfedfc  metals  quickfilver  differs 
from  thofe  properly  called  metals  by  its  perpe¬ 
tual  fluidity;  the  reft,  which  are  folid,  by  the 
want  of  malleability,  though  they  have  an  ex¬ 
ternal  appearance  and  weight  refembling  that 
of  a  true  metal,  and  are  fuflble  in  the  Are. 
They  differ  from  glafs  in  not  being  tranfparenc, 
and  from  fairs  by  not  diffolvingin  water.  The 
chief  of  thefe,  as  has  already  been  mentioned, 
are  bifmuth,  fpeker,  and  the  metallic  part  of 
antimony. 

Quickfilver  is  frequently  found  in  its  metal¬ 
lic  form  ;  fo  that  it  is  feparated  from  the  earth 
containing  it,  partly  by  walking  it  in  water  on¬ 
ly,  or  at  moft  by  heating  it.  For  quickfilver 
with  a  degree  of  heat  fcarce  exceeding  that 
which  will  melt  tin,  is  rendered  volatile  ;  and 
therefore  fo  much  of  the  quickfilver  as  does 
not  walk  out  of  the  ore,  is  feparated  from  it  by 
§  Ample  dift illation o 
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Native  cinnabar  is  an  ore  of  quickfilver, 
from  which  the  metal  cannot  be  obtained  with¬ 
out  more  art.  It  is  a  union  of  quickfilver,  and 
fulphur.  And,  as  we  have  feen,  both  lixi vial 
falts  and  lime  a6b  upon  and  difiolve  the  fulphur, 
fo  either  of  them  mixt  with  this  ore  caufe  the 
quickfilver  to  feparate  from  it  upon  diftillation. 
The  filings  of  iron  will  produce  the  fame  effedt. 

A  moderate  degree  of  heat  without  any  ad¬ 
ditional  artfeparates  bifmurh  from  its  ore, which 
is  little  elfe  than  bifmuth  already  formed,  in- 
termixt  with  earthy  parts. 

Agricola,  who  is  an  author,  that  always 
ought  to  be  confulted  upon  the  fubjedt  of  me¬ 
tals,  defcrihes  the  manner  of  doing  it  thus. 
The  ore  is  laid  in  a  cavity,  for  the  moil  part 
made  in  the  earth,  fometimes  round,  fometimes 
a  long  trench ;  and  billets  of  wood  being  laid 
over  upon  the  ore,  and  fet  on  fire.  The  bif¬ 
muth  foon  runs  from  the  ore,  and  Hows  out  in¬ 
to  a  receptable  from  the  cavity,  where  the  ore 
is  contained,  through  a  pafiage  left  open  for  it. 

Spelter  bears  fome  analogy  in  its  properties 
to  bifinuth.  It  is  produced  near  Collar  in  Ger¬ 
many,  after  this  manner.  There  are  lead  mines 
near  Collar,  which  contain  a  particular  kind  of 
ore.  It  is  a  Itubborn  one,  very  difficult  to  melt. 
From  this  ore  fublimes  in  the  melting  a  fub- 
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fiance,  which  is  found,  after  the  melting  is  o- 
ver,  flicking  to  the  infide  of  the  furnace.  This 
fubftance  they  {hake  down  into  a  fmall  fire  made 
at  the  bottom  of  the  furnace;  where  it  melts. 
This  is  fpelter.  The  principal  confumption  of 
bifmuth  is  by  the  pewterers,  who  make  with  it 
a  kind  of  folder. 

Spelter  is  chiefly  tifed  for  foldering  by  the 
COpper-fmiths,  and  braziers  ;  and  for  making  a 
mixt  metal  much  in  ufe;  now  ufually  called  Bath 
metal ;  but  formerly  prince’s  metal,  the  invert 
tion  of  it  being  afcribed  to  our  prince  Rupert. 

Spelter  is  remarkable  for  wafting  in  flame, 
when  melted. 

Antimony,  the  third  mineral  now  under  con- 
fideration,  comes  to  us  prepared  only  by  melting 
down  the  ore,  and  cafting  it  into  molds ;  where* 
by  the  antimony  is  feparated  from  the  loofe 
farth,  wherewith  it  may  be  mixt. 

But  this  antimony  frill  refembles  more  a  me¬ 
talline  ore  than  a  metal ;  by  other  methods  a 
metallic  part  is  feparable  from  it,  as  much  .re-? 
fembling  a  metal  as  bifmuth  and  fpelter ;  but 
brittle  and  even  lefs  capable  of  bearing  the  ham¬ 
mer  than  fpelter. 

Antimony  confifts  of  two  parts.  A  fulphur 
pot  very  different  from  common  brimftone,  and 
another  part,  as  has  been  now  faid,  which  may¬ 
be 
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be  made  to  appear  under  a  metallic  form,  ex¬ 
cept  that  it  is  not  malleable. 

We  have  feen  nitre  inflame  with  fulphur.  In 
the  fame  manner  nitre  will  burn  out  the  fulphur 
from  antimony,  and  leave  the  refldue  a  calx, 
(called  diaphoretic  antimony  defcribed  already) 
which  may  be  brought  to  a  metallic  form.  For 
this  purpofe  it  is  only  necefiary  to  melt  it  with 
fome  inflammable  fufcftance.  The  metallic  bo¬ 
dy  thus  produced  is  called  the  regulus  of  anti¬ 
mony  ;  and  being  taken  into  the  ftomach  vo¬ 
mits  very  flrongly. 

If  only  equal  quantities  of  nitre  and  antimo-* 
ny  were  mixt,  and  thrown  together  into  a  hot 
crucible,  the  refult  will  exhibit  a  fubftance 
ftrongly  emetic,  though  it  will  be  a  little  lefs 
violent  than  the  forementioned  regulus  of  antU 
mony.  This  preparation,  ufualiy  called  hepar 
nntimonii  and  crocus  metallorum,  is  named  in 
our  prefent  pharmacopoeia  crocus  antimonii. 
The  pradtical  chemifls  have  gradually  reduced 
the  quantity  of  nitre  to  half  the  weight  of  the 
antimony,  and  only  fet  the  mixture  on  fire. 

The  emetic  quality  of  this  medicine  will  be 
rendered  yet  fome  what  more  moderate  by  boil¬ 
ing  it  with  an  equal  weight  of  the  cream  of  tar¬ 
tar,  till  they  are  united.  This  medicine  is  call¬ 
ed  tartarum  emeticuixu 
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The  regulus  of  antimony  is  not  ufually  pre¬ 
pared  in  the  manner  propofed  above.  The  pro- 
cefs  is  fhortened  thus. 

Antimony  and  tartar  and  nitre  being  mixt  in 
due  proportion  ;  this  mixture  by  little  and  little 
is  to  be  thrown  into  a  hot  crucible  ;  and  when 
the  whole  is  put  in  *,  it  muft  remain  in  the  fire, 
till  all  fparkling  ceafes,  and  the  matter  is  well 
melted  *,  then  being  poured  out  into  a  warm 
iron  mould  a  little  greafed,  as  foon  as  cold  a 
compact  metalline  fubftance  will  be  found  at 
the  bottom,  which  eafily  feparates  from  what 
is  over  it.  This  is  called  the  reguius  of  anti¬ 
mony. 

The  quantity  of  tartar  ought  to  be  equal  to 
twice  that  of  the  nitre,  and  the  antimony  may 
be  from  an  equal  weight  with  the  tartar  to  a 
third  part  more. 

Iron  alfo  a£ts  very  flrongly  on  fulphur,  and 
there  is  another  method  of  feparating  this  regu¬ 
ius,  by  the  ufe  of  that  metal. 

Take  any  quantity  of  antimony  and  about 
half  as  much  iron.  Let  the  iron  be  heated  in 
a  crucible  till  it  becomes  red  hot*,  then  let  the 
.antimony  be  thrown  in  upon  it.'  When  the  an¬ 
timony  begins  to  flow,  let  nitre  be  thrown  upon 
it  by  degrees,  till  the  quantity  thrown  in  equals 
near  a  quarter  part  of  the  antimony.  After  this 
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let  the  matter  flow  with  a  ftrong  Feat :  then  the 
iron,  being  corroded  by  the  fulphur  of  the  an¬ 
timony,  flows  along  with  the  reft  of  the  mate¬ 
rials  into  one  uniform  fluid  mafs.  When  the 
matter  flows  like  water,  let  it  be  poured  out  as 
before  *,  and  a  large  quantity  of  regulus  will  be 
found  at  the  bottom.  Melt  this  regulus  again 
and  throw  in  upon  it  a  fourth  part  as  much 
frefti  antimony,  as  was  firft  ufed  ;  and,  when 
this  alfo  melts,  add  as  much  nitre  as  before; 
and,  when  the  matter  flows  with  a  ftrong  heat, 
let  it  again  be  poured  out,  and  a  regulus  will 
be  found  at  the  bottom  with  frefh  drofs  or  fco- 
rite  at  top. 

Let  this  regulus  be  melted  again  with  the 
fame  quantity  of  nitre  alone,  and  frefh  fcoriae 
will  feparate  from  it. 

Let  the  regulus  now  produced  be  melted  a- 
gain  with  the  fame  quantity  of  nitre,  and  more 
fcoriae  will  feparate.  In  thefe  two  operations, 
efpecially  in  this  iaft,  the  matter  mu  ft  flow  with 
a  very  ftrong  heat.  But,  if  the  heat  be  very  in- 
ten  fe,  it  muft  not  be  too  long  continued,  left 
the  antimony  corrode  the  crucible,  and  be  loft. 
If  the  heat  is  more  moderate,  a  longer  continu¬ 
ance  of  it  will  be  neceffary.  If  the  precedes 
have  been  well  performed,  there  appears  now 
upon  the  regulus  a  kind  of  ftar. 
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The  regulus  of  antimony,  as  I  obferved  a- 
bove,  is  an  exceeding  ftrong  vomit;  and  has 
this  remarkable  property,  that  infufed  in  a  li¬ 
quor  it  communicates  its  emetic  quality  in  pro¬ 
portion  to  the  quantity  of  the  liquor,  and  not 
in  proportion  to  the  quantity  of  the  regulus  in¬ 
fufed.  This  however  is  no  more  than,  that  the 
liquor  will  imbibe  only  a  certain  quantity  from 
the  regulus ;  and  when  faturated  will  receive  no 
more.  What  the  regulus  parts  with  is  very  mi¬ 
nute  in  quantity,  and  not  to  be  difcerned  under 
a  long  time. 

Of  this  regulus  cups  have  been  made,  in 
which  liquor  being  poured  would  in  a  night’s 
time  acquire  an  emetic  quality.  The  regulus, 
that  has  impregnated  wine  with  an  emetic  qua¬ 
lity,  will  ilill  impregnate  more  wine  with  the 
fame  quality. 

If  we  confider,  how  vaft  a  quantity  of  liquor 
will  receive  the  emetic  quality  from  a  fmall  por¬ 
tion  of  the  regulus,  it  will  appear  to  be  a  dan¬ 
gerous  medicine  to  be  given  in  fubftance,  for 
the  vomiting  will  ceafe  only  by  the  medicine’s 
being  totally  returned  out  of  the  body. 

The  fcorise  feparated  from  the  antimony  in 
preparing  the  regulus  have  alfo  an  emetic  qua¬ 
lity,  and  will  run,  being  expofed  to  a  mold:  air, 
into  an  emetic  liquor ;  efpecially  the  fcori*e  in 
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the  latter  way  of  making  the  regulus.  This  li¬ 
quor  is  called  the  golden  oil  of  antimony  from 
its  colour.  Thefe  fcorice  receive  their  emetic 
quality  from  fome  portion  of  regulus  contained 
in  them  ;  for,  if  they  are  melted  again  with  a 
little  tartar  or  charcoal  duft,  more  regulus  will 
fubfide  from  them. 

Antimony  is  one  of  the  belt  materials  for  the 
perfedt  purification  of  gold  ;  for  if  this  mineral 
and  impure  gold  be  melted  together,  the  ful- 
phur  of  the  antimony  will  unite  with  and  retain 
every  other  metal,  with  which  the  gold  may  be 
mixt,  while  the  gold  fubfides,  accompanied  with 
fo  much  of  the  reguline  part  of  the  antimony, 
as  its  fulphur  has  quitted ;  and  this  regulus  in 
a  ftrong  fire  will  fume  away,  leaving  the  gold 
pure. 

To  the  prefent  clafs  of  fubflances  arfenic  is 
moft  properly  to  be  referred.  It  refembles  an¬ 
timony  in  an  emetic  quality,  but  is  fo  violent 
as  to  be  an  almoil  inevitable  poifon  to  every 
creature,  that  fhall  have  taken  it  into  the  fio- 
mach.  Calcined  with  nitre  it  lofes  its  adlivity 
altogether,  and  becomes  a  harmlefs  calx  •,  melt¬ 
ed  with  iron  it  yields  a  metallic  part,  from  its 
refemblance  to  that  part  of  antimony,  ufually 
called  the  regulus  of  arfenic, 
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Arfenic  is  contained  more  or  lefs  in  moil 
mundics ;  but  is  ufually  extracted  from  a  parti¬ 
cular  kind  called  cobalt.  Cobalt  calcined  and 
mixed  with  fand  is  ufed  by  the  potters  under 
the  name  of  zaphor,  being  their  blue.  Za- 
phor  melted  with  an  alkaline  fait  is  fmalt. 
In  the  calcination  arfenic  rifes  in  frnoke,  and 
is  colleded  in  a  long  and  winding  chim¬ 
ney,  where  it  fettles  in  the  form  of  a  white 
flower* 

Some  cobalts  are  unfit  for  making  fmalt 
or  zaphor.  But  from  thefe  alfo  arfenic  is  fub- 
limed.  As  arfenic  in  its  firft  fublimation 
rifes  in  form  of  flowers,  it  is-fublimed  over 
again  from  iron  pots  into  an  earthen  cover 
of  a  cylindrical  fhape,  where  it  unites  into 
a  cake  in  the  form  in  which  it  is  imported 
hither. 

This  arfenic  is  white.  There  are  two  com- 
pofltions  made  from  this;  one  called  yellow 
the  other  red  arfenic.  The  yellow  is  produced 
by  fubliming  white  arfenic  with  a  twentieth  part 
of  brimftone,  red  arfenic  is  the  refult  of  the 
like  procefs  with  twice  the  quantity  of  brim¬ 
ftone,  and  a  farther  addition  of  a  particular 
kind  of  cobalt,  called  in  the  German  language 
kupfer  nikel. 


Black 
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Black  lead,  wherewith  pencils  are  made,  a 
mineral,  aimed:  peculiar  to  our  country,  bears 
alfo  feme  refemblance  to  antimony.  The  peo¬ 
ple  of  the  country,  where  it  is  dug  up,  infufe 
it  in  beer  or  wine  for  an  emetic.  But  this  fub~ 
fiance  is  neither  volatile,  nor  will  melt  with  a- 
ny  degree  of  heat* 
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HEN  gold  or  filver  is  melted  with  & 


V  V  ftrong  heat  $  if  they  have  any  mixture 
of  another  metal,  that  other  metal  will  be  feen 
to  burn  upon  its  furface.  Now  it  is  to  be  ob- 
ferved  of  metals  and  their  calxes,  that  melted 
metals  mix  with  each  other,  but  not  with  other 
fubftances.  For  inftance,  if  fand,  earth  or  Hones 
be  put  into  melted  lead,  they  do  not  at  all  in¬ 
corporate  with  it  5  but  when  the  calx  of  lead  or 
of  any  other  metal  is  melted,  it  then  unites 
freely  with  thefe  earthy  fubftances,  but  not  with 
any  metal,  not  even  with  its  own.  Iron  indeed 
being  in  forhe  meafure  of  an  earthy  fubftance 
joins  more  with  fuch  fubftances  than  other  me¬ 
tals  :  this  is  the  reafon,  that  melted  glafs  v/ill 
ftick  to  this  metal,  though  to  no  other. 

Thus,  when  unfine  gold  or  filver  is  melted, 
the  metal  mixt  with  them,  as  faft  as  it  burns  to 
drofs,  feparates  from  them.  However  lead  vi¬ 
trifying  much  more  eafily  than  any  other  metal, 
if  this  is  mixt  with  the  unfine  filver  or  gold  in  a 
large  proportion  while  it  burns  from  them,  it 
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carries  away  all  other  bafe  metals  much  more 
effe&ually  than  otherwife  could  well  be  done. 

But  the  firft  thing  neccfiaty,  in  burning  lead 
into  litharge,  is  to  provide  a  proper  veffel  to 
contain  it.  The  only  materials,  fit  for  this 
purpofe,  are  fbme  kind  of  afhes  free  from  any 
falts,  fuch  as  the  afhes  of  burnt  bones,  or  of 
vegetables,  after  their  falts  have  been  perfeAly 
extra&ed.  The  afhes  of  burnt  bones  are  moft- 
ly  ufed.  If  the  veffel,  wherein  the  lead  is  put, 
were  made  of  any  other  materials,  they  being 
more  eafily  vitrifiable,  would  be  melted  down 
by  the  lead,  and  let  out  the  metal. 

The  refiners  prepare  a  veffel  with  thefe  afhes 
after  this  manner  :  they  ram  them  hard  into  an 
oval  iron  ring,  and  by  fcraping  out  a  cavity  form 
a  kind  of  (hallow  difh.  This  they  call  a  teft,  it 
is  alfo  called  a  cupel.  This  teft  they  place  un¬ 
der  a  chimney,  where  a  large  double  pair  of  bel¬ 
lows  are  fitted  fo,  as  to  blow  dole  over  it.  Into 
the  cavity  of  this  teft  they  put  their  metal  toge¬ 
ther  with  a  little  charcoal  to  begin  the  fire  :  over 
all  they  lay  large  billets  of  oak  ;  which,  taking 
fire,  burn  all  the  time  of  the  operation.  They 
prefer  oak  to  other  wood,  .b  ec,a.u  fe  it  will  burn 
longer,  before  it  is  con-fumed.  When  the  me¬ 
tal  is  upon  the  point  of  melting,  they  put  in 
lead  upon  the  metal.  Upon  the  approach  of 
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the  lead,  both  metals  Toon  melt  down  together, 
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and  by  the  intenfenefs  of  the  heat  the  lead  burns 
up  to  litharge.  In  a  fmaller  heat  lead  would 
have  a  drofs  gather  in  a  fkin  upon  the  top  of  it; 
but  in  this  great  heat  the  drofs  melts,  and  hows 
like  drops  of  oil  upon  the  metal.  This  is  li¬ 
tharge.  On  the  fide  of  the  diia  oppofite  to  the 
bellows  is  a  hole  pierced  through,  at  which  the 
litharge  may  pafs  out,  and  as  foon  as  the  work- 
man  perceives  litharge  to  rife,  he  fcrapes  away  a 
(hallow  channel  in  the  teft  leading  to  this  hole. 
The  litharge,  blown  toward  this  channel  by  the 
bellows,  paflfes  off,  and  drops  under  the  tefta 
And  this  litharge  carries  away  with  it  all  bafe 
metal,  wherewith  the  ftlver  or  gold  may  have 
been  mixt. 

Silver  and  gold  are  refined  in  eflays  after  the 
fame  manner.  Here  it  is  ufual  to  put  the  Gi¬ 
ver  or  gold  to  be  tried  upon  a  fmall  teft  made 
with  the  allies  of  bones  or  horns,  and  place  it 
either  fo,  that  the  flame  of  a  wind-furnace  may 
draw  over  it,  and  confume  the  lead  melted  with 
it,  or  elfe  to  place  the  teft  under  a  veffd,  we 
formerly  defcribed,  called  a  muffle,  and  heap 
charcoal  over  it  in  a  furnace  ufually  made  of 
iron,  and  called  from  this  office  of  it  an  eftay- 
furnace.  This  furnace  we  have  before  defcribed, 
and  now  we  (hall  fee  the  manner  of  ufing  it. 
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In  this  operation  the  litharge  foaks  into  the 
teft. 

Teds  are  made  of  bone-afhes  in  the  greater 
works,  becaufe  they  are  a  material,  which  will 
contain  the  lead  long  enough  without  vitrifying. 
But  thefe  afhes  are  adapted  for  efifays  upon  an¬ 
other  account  alfo.  They  adhere  together  but 
lofely  ;  by  which  means  the  vedel  is  a  porous 
body,  fitted  to  imbibe  the  litharge,  as  it  is  form¬ 
ed.  Some  compofe  efiay-teds  of  wood-alhes 
carefully  walked  from  their  alkaline  fait,  only 
covering  the  cavity  with  bone-afhes,  and  thefe 
tells  are  more  porous  than  the  other,  whereby 
they  fhorten  the  operation  *,  but  thefe  dry  lefs 
perfectly  than  thofe  of  bone- allies,  and  therefore 
require  much  longer  annealing,  before  the  lead 
is  put  into  them.  Though  thefe  vefiels  of  what¬ 
ever  material  they  are  made,  ihould  be  well 
heated  before  the  operation  :  for  as  long  as  any 
moidure  remains  in  them,  they  will  throw  up 
particles  of  lead,  which  often  fall  out  of  the 
vedel,  and  by  carrying  a  proportional  part  of  the 
fiiver  with  them  falfify  the  efiay. 

In  thefe  efiays  it  is  necefiary  to  make  ufe  of  a 
quantity  of  lead,  amounting  at  lead  to  eight 
times  the  weight  of  the  metal  to  be  refined,  if  it 
contain  about  a  twelfth  part  of  bafe  metal  :  and 
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If  it  be  coarfer,  a  greater  quantity  of  lead  muft 
be  added. 

If  gold  and  filver  are  mixt  together,  after 
they  are  purified  by  lead  from  all  other  mixture, 
the  eflfay  is  finifhed  with  aqua  fortis,  as  we  fhall 
flieW  hereafter. 

I  have  already  hinted,  that  the  ule  of  lead  in 
refining  filver  and  gold  arifes  from  its  eafy  vitrifi¬ 
cation,  whereas  the  other  metals,  if  alone,  vitri¬ 
fy  with  difficulty  *,  but  when  mixt  with  a  large 
portion  of  lead,  they  are  divided  into  fo  minute 
parts,  that  the  fire  operates  more  ftrongly  upon 
them.  By  this  means  copper,  the  metal  mod 
iifually  mixt  with  filver,  will  vitrify,  and  pafs 
aw'ay  with  the  litharge,  whether  the  litharge  be 
blown  off,  as  in  the  greater  operations,  or  it  be 
foakt  up  by  the  ted,  as  in  e flays. 

Iron  will  not  mix  with  lead,  and  therefore  is 
quickly  feparated,  lying  upon  the  top  of  the 
lead,  and  there  walling. 

Tin  is  mod  difficult  to  free  from  filver,  and 
more  fo  from  gold.  This  arifes  from  its  refift- 
ance  to  vitrification.  I  have  taken  notice,  that 
the  burning  glafs,  which  vitrified  gold,  would 
not  produce  that  effedl  perfedlly  upon  tin.  For 
this  reafon  the  tin  rifes  prefently  upon  the  lead 
In  the  form  of  drofs,  and  there  will  lie  without 
'  v  burn- 
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burning  away*  And  in  this  condition  is  not  fo 
perfectly  calcined,  but  that  it  holds  yet  a  por¬ 
tion  of  the  fiver  or  gold  adhering  to  it. 

The  molt  effectual  method  of  performing 
this  feparation  is  to  mix  the  mafs  with  twice  as 
much  copper,  as  there  may  , be  of  tin  in  the  com- 
pofition,  and  when  the  tin  rifes  upon  the  lead  to 
take  it  off,  and  mixing  it  with  glafs  of  lead  to 
proceed  with  it,  as  in  effaying  an  ore. 

The  greated  part  of  lead  ores  contain  a  por¬ 
tion  of  filver.  This  melts  out  from  the  ore 
with  the  lead  y  and  is  often  in  fo  large  a  quanti¬ 
ty,  as  to  be  extra&ed  to  profit.  In  this  country, 
where  foffil  coals  are  ufcd  in  the  lead  works,  the 
operation  is  performed  in  this  manner.  A  ted 
of  the  fame  form,  and  made  of  the  fame  mate¬ 
rials,  as  that  employed  by  the  refiners  of  filver, 
but  much  larger,  is  placed  in  a  furnace,  where 
the  flame  of  the  fire  draws  over  it,  by  the  heat 
whereof  the  lead  is  burnt  into  litharge,  which  is 
drove  to  one  end  of  the  left  by  the  blad  of  large 
double  bellows,  that  blow  condantly  over  the 
iurface  of  the  lead  y  and  here  the  litharge  falls 
out  of  the  ted  by  a  hole  cut  through  it  for  that 
purpofe,  as  in  the  refining  of  filver  before  de¬ 
fer  i  bed.  And  as  the  lead  wades,  whereby  it  would 
fall  too  much  below  this  hole  for  the  litharge  to 
pafs  into  it,  they  fupply  the  lead  from  time  to 
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time  moft  ufually  by  thrufting  in  the  end  of  a 
bar  of  lead,  which  melting,  as  it  comes  over  the 
lead,  fupplies,  the  wafte  of  it. 

There  not  being  a  demand  for  all  the  litharge 
made,  the  greatefi:  part  of  it  is  reduced  into  lead 
again  by  this  means.  The  litharge  is  put  into 
a  reverberatory  furnace,  like  that,  we  fhall 
hereafter  defcribe,  wherein  the  ores  of  lead,' 
and  other  metals  are  fmelted,  and  being  fpread 
abroad  is  covered  with  fmall  coals.  Then  it  is 
heated  for  fome  time  5  after  this  it  is  ftirred  up, 
and  more  coals  being  thrown  on,  is  heated  for 
fome  time  longer  |  by  this  means  all  the  li¬ 
tharge  will  have  changed  its  form,  and  lead  be 
found  in  the  furnace  in  its  Head.  Where  ores 
are  fmelted  with  charcoal,  they  reduce  litharge 
by  throwing  it  into  a  melting-furnace  mixt  with 
charcoal  as  in  fmelting  ores.  The  charcoal  re¬ 
duces  it.  In  thefe  places  the  lead  is  burnt  into 
litharge  by  putting  the  lead  into  a  fhallow  bed 
made  of  bone-afhes  laid  over  a  large  hearth 
built  of  brick  or  ftone*  To  the  bed  an  iron 
cover  is  fitted,  and  they  melt,  and  bur  n  the  lead 
by  wooden  billets,  which  are  thrufl.  in  over  the 
lead,  and  the  blaft  of  the  fame  bellows  both 
maintains  the  fire,  and  dire&s  the  litharge  to  its 
exit. 

If 
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If  filverbe  mixt  with  a  large  quantity  of  cop¬ 
per,  which  often  happens  in  the  mines  of  Ger¬ 
many,  where  many  ores  are  found  containing 
both  metals ;  there  is  a  method  of  feparating 
them  without  defraying  either  metal.  This  is 
by  melting  down  the  compofition  with  a  quan¬ 
tity  of  lead,  and  then  expofing  the  mixture  to 
fuch  a  heat,  as  fhall  meltdown  the  lead  without 
melting  the  copper.  By  this  means  the  lead 
will  run  from  the  copper,  and  carry  the  filver 
out  along  with  it. 

This  is  performed  in  a  furnace  of  a  particular 
make.  This  furnace  is  a  long  concave  floor,  with 
a  channel  running  lengthwife  through  the  middle 
of  it.  Cakes  of  the  mixt  metal  are  laid  upon  this 
floor,  and,  as  the  metal  heats,  the  lead  melts 
down  into  the  channel  underneath,  and  thenc£ 
runs  out  into  a  bafon  made  to  receive  it. 
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LECTURE  XXIII. 

BEFORE  we  take  leave  of  the  effects  of  fire 
upon  the  metals,  and  metallic  bodies,  it 
will  not  be  improper  to  follow  them  into  the 
.Chops  of  artificers,  and  make  a  few  remarks 
upon  fome  of  the  operations,  which  they  there 
undergo.  But  we  muft  firft  take  into  consider¬ 
ation  two  eminent  changes  wrought  on  two  of 
the  metals,  before  they  come  into  the  artificer’s 
hands :  I  mean  the  converting  copper  into  brafs, 
and  iron  into  fteel. 

,  Copper  is  made  brafs  with  a  mineral  called 
calamy  or  lapis  calaminaris.  This  mineral  is 
firft  calcined,  that  is,  heated  red-hot  in  the  fire, 
but  no  more.  Then  it  is  powdered,  and  mixed 
with  twice  its  meafureof  charcoal-duft.  In  this 
mixture  is  fet  edge-wife  pieces  of  copper-plates 
to  the  amount  of  two-thirds  of  the  weight  of  the 
calamy.  This  mixture  is  heated  together  for 

A 

fome  time  ;  at  length  the  heat  is  made  fo  ftrong 
as  to  melt  the  copper.  As  foon  as  that  is  done^ 
it  becomes  brafs,  and  is  increafed  in  weight. 
One  hundred  pounds  of  copper  produces  one 
hundred  and  forty  pounds  of  brafs.  If  the 

copper 


Lect.  23.  OF  CHEMISTRY.  315 

copper  be  more  minutely  divided,  it  will  imbibe 
more  of  the  calamy,  and  acquire  a  farther  in- 
creafe  in  weight.  For  this  reafon  fome  granu¬ 
late  their  copper,  by  pouring  it  melted  into  wa¬ 
ter.  The  brafs  is  caft  out  into  fheets  be¬ 
tween  ftones.  The  only  ftones  once  ufed  here 
for  thefe  moulds  were  brought  from  France,  be¬ 
ing  dug  from  a  quarry  near  St.  Malo’s.  But 
fince  ftones  found  in  Cornwall  have  come  into 
ufe  for  this  purpofe.  The  ftones  are  fir  ft  fpread 
over  with  loam  and  horfe-dung,  and  kept  by- 
iron  bars  at  the  proper  diftance  to  make  the 
mould. 

The  reafon  affigned  for  the  neeefiity  of  cafting 
fheet-brafs  in  thefe  particular  kinds  of  ftones 
only,  is,  both  that  the  loam  adheres  to  them 
better,  than  it  would  to  many  other  ftones  ;  and 
they  are  alfo  thought  to  be  capable  of  giving 
fome  vent  to  the  fume,  which  rifes  from  melted 
brafs. 

Brafs,  if  made  of  good  copper,  is  very  malle¬ 
able;  but  when  made  of  coarfe  copper,  will 
fcarce  endure  the  hammer. 

In  the  making  of  brafs,  if  there  be  added 
so  the  other  ingredients  a  quantity  of  old  brafs 
kettles,  that  have  been  long  in  ufe,  and  often 
heated,  the  metal  will  be  firmer.  Without  this 
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addition  the  brafs  cannot  be  made  tough  enough 
to  draw  out  into  fine  wire. 

The  beft  copper  for  making  brafs  is  that, 
which  has  been  refined  fomething  farther  than 
would  render  it  molt  malleable  *,  when  the  cop¬ 
per  in  the  phrafe  of  workmen  is  a  little  dry. 
Brafs*  by  being  kept  a  length  of  time  red-hot, 
will  return  to  copper  again. 

The  operation  upon  iron,  whereby  it  is  con¬ 
verted  into  fteel,  is  a  more  ufeful  invention  than 
this  of  making  brafs.  This  is  varioufly  de- 
fcribed.  Agricola  fays,  it  is  done  by  (baking 
wrought  bars  of  iron  for  fome  time  in  fufible 
iron  melted  with  the  addition  of  a  flux,  that 
melts  it  more  freely,  and  then  immediately 
plunging  them  in  water.  In  this  laft  part  of 
the  operation,  I  fufpebt,  he  confounds  the  mak¬ 
ing  of  fteel  with  the  method  of  hardening  it.' 
Steel  is  not  diftinguifhed  from  iron  by  its  being 
hard,  but  by  its  difpofition  to  be  hardened 
upon  being  quenched  in  water,  when  red-hot* 
which  is  not  the  quality  of  iron.  Some  writers 
fay,  fteel  is  prepared  with  the  aftiftance  of  the 
hoofs  and  horns  of  animals.  There  is  a  method 
in  ufe  analagous  to  this  of  giving  the  hardnefs  of 
fteel  to  theoutfide  of  iron  by  covering  it  over  with 
the  (havings  of  horns  or  hoofs  and  quenching  it, 
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when  hot,  in  water.  After  this  operation  a  file 
will  not  touch  the  outer  furface  of  the  iron, 
though  the  iron  within  remain  loft.  In  the  me¬ 
thod  pra&ifed  in  England  for  making  flee!,  no¬ 
thing  is  added  to  the  iron  but  powdered  char¬ 
coal. 

Iron  bars  are  put  into  pots  made  in  the  form 

of  an  oblong  fquare.  The  bottom  of  the  pot  is 

firfl  covered  with  charcoal-dull,  then  the  bars 

are  laid  in  rows  at  feme  diflance  from  each  other, 

* 

and  being  covered  with  charcoal-dull,  other 
bars  are  laid  in  this  flratification  being  conti¬ 
nued  till  the  pot  is  fufficiently  filled  :  then  the 
whole  mafs  of  bars  is  covered  with  charcoal,  and 
fand  flrewed  over  all,  to  prevent  the  charcoal 
from  taking  fire.  Each  furnace  contains  three 
of  thefe  pots,  the  fire  being  between  them, 
which  is  raifed  gradually,  and  one  or  more  bars 
are  fo  placed  in  the  pots,  that  they  can  conveni¬ 
ently  be  pulled  out  from  time  to  time;  by  which 
the  heat  of  the  fire  is  judged  of;  after  a  due  time 
the  fire  is  let  down,  and  the  bars  taken  out  when 
cold,  that  they  may  not  be  walled  by  feales. 
The  bars,  when  convened  into  Heel,  are  often 
found  blillered  on  the  outfide. 

Steel  is  of  a  more  even  texture  than  iron,  and 
for  that  reafon  is  preferred  in  fine  works.  But 
the  chief  property  of  ileel,  that  diftinguilhes  it 

from 


ji  6  A  COURSE  Part  IV. 

from  iron,  is  its  growing  exceeding  hard  by  be¬ 
ing  quenched  in  water,  when  hot,  fo  as  to  be  fit 
for  edge-tools,  and  be  capable  of  cutting  either 
iron  or  fteel  itfelf  not  fo  hardened. 

If  a  piece  of  fteel  is  made  red-hot,  and  then 
fuddenly  quenched  in  cold  water,  it  becomes 
hard  and  brittle  like  glafs.  This  brittlenefs  is 

M  > 

diminifhed  by  heating  the  fteel  again.  But  here 
a  fmall  degree  of  heat  only  is  to  be  given  to  the 
fteel,  and  that  different,  according  to  the  pur- 
pofes  for  which  the  fteel  is  intended.  In  order 
to  judge  of  the  degree  of  heat  the  fteel  is  now  to 
receive,  the  workmen  rub  it  bright,  and  efti- 
mate  the  heat  by  the  colours,  which  arife  upon 
it.  At  firft  it  turns  a  little  yeliowifti,  then  of  a 
deeper  colour,  and  at  length  blue.  The  firft 
colour,  before  it  becomes  deep,  is  the  proper 
colour  for  gravers,  files,  drills,  mafons  duffels, 
razors,  lancets,  pen-knives,  &c.  for  carpenters 
tools,  that  cut  wood,  the  heat  may  continue 
till  the  colour  be  a  little  deeper,  as  alfo  for  the 
tools  wherewith  fcrews  are  made.  If  it  be  heat¬ 
ed  till  in  the  dark  it  look  of  a  very  dull  red,  and 
no  longer,  it  is  a  fpring.  Farther  heated  than 
this,  it  becomes  foft  again.  In  this  temper 
fteel  is  the  firmeft  to  refift  any  force.  When 
harder  than  this,  it  is  more  or lefs  brittle;  when 
fofcer,  it  will  give  way,  and  bend  with  lefs 

forc§. 


Lect.  23.  OF  CHEMISTRY.  317 

force.  For  this  reafon  the  tools,  that  car- 
penters,  and  others  ufe  to  turn  fcrews  with,  are 
made  of  fteel  fet  to  this  temper,  or  rather  left 
in  a  fmall  degree  harder.  This  fpring-temper 
may  be  given  to  fteel  another  way  •,  by  putting 
the  fteel,  after  it  has  been  hardened,  into  oil, 
and  heating  the  oil  over  a  fire  till  it  flames ; 
then  the  fteel  taken  out  will  have  acquired  a 
fpring-temper.  The  moft  common  method 
ufed  by  workmen  in  making  a  fpring,  is  to  heat 
it  a  little  over  a  fire,  then  rub  tallow  upon  it, 
and  hold  it  again  over  the  fire,  till  the  tallow 
flames.  But  this  method  is  not  fo  fecure  as 
thofe,  I  have  now  defcribed.  Springs  have 
very  often  a  blue  colour  given  them  for  orna¬ 
ment.  This  is  done  after  the  fpring  is  made, 
by  brightening  it,  and  then  heating  it,  till  it 
acquires  this  colour.  This  practice  has  occa- 
fioned  Mr.  Boyle  and  others  to  miftake,  and 
conclude,  that  the  degree  of  heat,  whereby 
hardened  fteel  is  brought  to  this  colour,  makes 
it  a  fpring  ;  but  with  this  heat  alone  it  will  be 
too  brittle.' 

If  a  fpring,  after  it  is  made,  happens  not  to 
ftand  bent  quite  according  to  the  defign  of  the 
workman  ;  by  bending  it  forcibly  into  the  de- 
fired  form,  and  in  that  Ihape  heating  it,  till  it 
become  blue,  and  keeping  it  thus  till  cold,  the 
-  •  fpring 
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fpring  will  retain  the  fhape  given  it,  without 
lofing  any  of  its  ftrength  as  a  fpring  ;  it  will  ra¬ 
ther  be  iiiffer.  This  is  an  artifice  very  neceftary 
to  the  watch-makers.  The  axes  of  watch- 
wheels  are  made  of  fteel  wire  fet  to  a  fpring- 
temper.  They  firft  turn  them  nearly  true,  then 
harden  and  temper  them.  But  fieel  in  harden- 
ing  is  very  apt  to  crook.  When  this  accident 
happens  in  their  work,  they  muft  proceed,  and 
give  the  fpring  its  temper,  before  they  can 
ftraighten  it  again.  When  it  is  brought  to  a 
fpring-temper,  they  ftrike  gently  upon  the  hol¬ 
low  fide  of  it  with  an  edged  hammer.  The 
hammer  by  cutting  into  the  Heel  ftretches  out 
the  hollow  fide,  till  the  work  becomes  ftraight. 
Then  they  blue  it,  and  when  cold  turn  off  the 
cuts  without  any  fear  of  it  returning  to  its  firft 
fhape;  But  if  the  fteel  does  not  keep  perfectly 
ftraight,  the  procefs  repeated  a  fecond  time  is 
fure  to  re&ify  it  fully. 

When  it  is  neceftary  for  harder  fteel  to  retain 
its  figure  exactly,  they  firft  unite  the  fteel  to 
iron,  that  no  greater  part  of  the  inftrument  be 
fteel,  than  where  the  hardnefs  is  required. 
Then,  if  the  fteel  has  any  thing  altered  its  figure 
in  hardening,  after  it  is  brought  to  its  temper, 
they  can  bring  it  back  to  its  figure  by  fome 
blows  of  a  common  hammer  j  for  the  iron  will 

give 
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give  way,  and  hinder  the  fteel  from  Springing 
back  again,  and  the  fteel  how  hard  foever,  will 
bend  without  breaking,  as  much  as  is  ordinarily 
required  in  this  cale. 

Steel  is  more  fubjeft  to  crook  thus  in  harden¬ 
ing,  when  over-heated.  Care  fhould  be  taken 
to  eftimate  rightly  the  degree  of  heat  in  giving 
fteel  its  firft  hardnefs  upon  another  account  alfo : 
for  if  the  heat  be  too  fmall,  the  fteel  will  not  be 
hard  ;  if  it  be  too  great,  the  fteel  will  become 
fo  brittle  as  never  to  recover  a  proper  degree  of 
toughnefs.  It  is  better  to  fall  fhort  in  this  heat 
than  exceed  ;  for,  if  the  heat  be  not  ftrong 
enough  for  the  fteel  to  be  hard,  the  procefs  may 
be  repeated  over  again  without  damage  to  the 
fteel  *,  but  if  the  fteel  be  over- heated  it  is  fpoiled. 

Steel  fhould  not  be  forged  with  quite  fo  great 
a  heat  as  iron. 

Thofe,  who  make  hies,  ufe  an  artifice,  where.* 
by  they  harden  great  numbers  at  once.  They 
have  an  iron  pipe  and  a  rod,  that  fits  it.  They 
wrap  up  in  wet  loam  a  great  bundle  of  files  with 
this  pipe  in  the  middle,  and  by  drawing  out  the 
rod  from  time  to  time,  they  judge  of  the  heat 
of  the  whole  bundle.  The  difpofition  of  the 
fteel  to  harden  by  the  fudden  application  of  cold 
to  it,  when  hot,  makes  a  particular  manage¬ 
ment  neceflary,  when  it  is  defired  to  have  cold 

fteel 
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fteel  as  foft  as  pofiible.  For  this  purpofe,  when 
it  is  heated  of  a  dullifh  red,  they  bury  it  up  im¬ 
mediately  in  hot  allies,  and  there  let  it  cool. 
Thus  by  keeping  the  hot  heel  from  the  contabt 
of  the  cold  air,  it  will  be  fofter,  and  cut  better 
either  under  the  file  or  graver  than  otherwife. 
This  is  called  annealing  it. 

I  fhall  next  confider  the  compofitions  ufually 
made  with  metals. 

Silver  and  gold  when  pure,  are  fo  foft,  that 
hardening  them  in  fome  degree  is  convenient  to 
fit  them  better  for  the  ufcs,  to  whkh  they  are 
put,  either  for  coin  or  plate.  Silver  is  thus 
hardened  by  a  fmail  mixture  of  copper ;  gold 
by  copper  or  filver  or  by  both  together.  In  our 
mint  copper  is  the  metal  ufed.  The  metal  thus 
added  is  called  the  alloy.  By  ftandard  filver, 
and  gold  is  meant  thofe  metals  with  that  portion 
of  alloy,  which  is  allowed  by  law. 

The  ftandard  for  our  filver  coin  was  mo  ft  an¬ 
ciently  eighteen  penny-weights  troy  of  alloy  to 
eleven  ounces  and  two  penny-weights  of  fine  fil¬ 
ver  :  and  the  fame  ftandard  is  in  ule  at  this  day. 
This  is  three  parts  in  forty  of  the  whole  in  alloy, 
that  is  near  one  thirteenth.  Some  years  paft  it 
was  ena&ed,  that  all  wrought  plate  fhould  be 
finer,  and  not  have  more  than  half  an  ounce  of 
alloy  in  a  pound  of  the  whole.  This  is  called 
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the  new  ftandard.  This  regulation  was  con¬ 
ceived  to  be  a  means  to  hinder  the  filver  coin 
from  being  melted  down  by  the  filver- fruit  hs» 
But  a  portion  of  fine  filver  mixt  with  the  ftand¬ 
ard  of  the  coin  will  readily  reduce  it  to  the  new 

. 

ftandard.  And  as  this  fmall  allov  leaves  the 

\  > 

plate  too  fioft,  it  has  fince  been  made  lawful  to 
make  plate  of  either  ftandard. 

The  ancienteft  ftandard  for  gold  was  no  more 
than  one  part  in  one  hundred  and  ninety-two  of 
the  whole  in  alloy.  In  the  firft  year  of  Henry 
the  eighth. fome  fpecies  of  gold  coin  had  one- 
twelfth  of  the  whole  in  alloy :  and  from  the 
reign  of  king  Charles  the  fecond,  when  guineas 
were  firft  coined,  all  our  gold  money  has  this 
alloy.  In  the  reign  of  Henry  the  eighth  and 
Edward  the  fixth  we  had  both  gold  and  filver 
coins  made  of  much  bafer  metal  than  the  prefent 
ftandard,  and  varied  with  fuch  irregularity,  that 
in  one  of  the  coinages  of  Edward  the  fixth  in 
exchanging  gold  coin  for  filver  a  man  would  not 

w  C/  O 

receive  above  double  the  weight  of  his  gold  in 
pure  filver. 

Copper  by  a  mixture  of  tin  makes  the  metal 
for  bells  and  for  what  are  called  brafis  cannon. 
For  bells  one  part  of  tin  for  four  of  copper,  but 
for  cannon  not  above  half  fo  much  tin  is  ufed. 
Bells  are  rendered  yet  more  fonorous  by  the  ad- 
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dition  of  a  little  fpelter.  This  compofition  is 
made  ufe  of  in  the  fine  bells  of  ftriking- 
watches. 

It  is  remarkable,  that  tin,  though  itfelf  a  foft 
metal,  greatly  adds  to  the  fonorous  quality  of 
other  metals.  Tin  mixt  with  twice  its  weight 
of  lead  compofes  the  metal  for  organ  pipes. 

Lead  mixt  with  copper  in  the  proportion  of 
one  part  of  lead  to  four  of  copper  makes,  what 
is  called  pot-metal,  ufeful  in  coarfe  works. 
This  metal  is  harder  than  copper,  or  even 
brafs. 

Copper  requires  a  great  heat  to  keep  it  intire- 
ly  fluid,  fo  that,  if  it  be  melted  ever  fo  perfect¬ 
ly,  it  very  foon  congeals,  after  it  is  out  of  the 
furnace.  For  this  reafon  it  is  fcarce  poflible  to 
call;  any  great  work  of  copper  alone,  efpecially 
if  the  work  has  many  inequalities  in  it.  Sta¬ 
tuaries  therefore  never  attempt  to  cail  ftatues  in 
pure  copper  ;  but  ufe  always  a  m.orefluxile  me¬ 
tal  by  compounding  the  copper  with  fome  other 
metal.  Either  brafs,  tin  or  lead  will  anfwer  this 
end  ;  and  thefe  compofitions  are  in  general  call¬ 
ed  by  the  name  of  bronze. 

Brafs  with  fpelter  is  the  compofition «of  Bath- 
metal. 

Nine  parts  or  more  of  tin  with  one  of  the  re- 
gulus  of  antimony  compofes  pewter, 
i 


Metals 


Lect.2|.  OF  CHEMISTRY.  3i3 

Metals  are  alfo  ffiixt  to  make  folders,  where¬ 
with  to  join  other  metals  together.  It  is  re¬ 
quired  in  folders,  that  they  melt  fooner  than  the 
metal  to  be  foldered,  and  that  they  approach  as 
near  as  may  be  to  the  metal  foldered  in  hardnefs$ 
and  colour. 

Iron  is  ufu ally  foldered  with  brafs  alone. 

Lead  is  foldered  with  a  mixture  of  two  parts 
lead  with  one  of  tin.  The  folder  of  the  tin-men 
is  equal  parts  of  lead  and  tin  *  the  other  not  ap¬ 
proaching  near  enough  to  the  tin  in  colour. 

One  part  of  brafs,  and  two  of  fpelter  make 
that,  which  is  ufually  called  fpel  ter- folder.* 
wherewith  iron,  brafs  and  copper  may  be  fol¬ 
dered  together.  This  is  the  folder  ufed  by  the 
braziers  and  copper-fmiths.  This  folder  is  im¬ 
proved,  by  adding  to  each  ounce  of  it  one  pen- 
ny-  weight  of  filver.  This  folder  melts  not  with¬ 
out  a  confiderable  degree  of  heat.  Therefore 
this  folder  cannot  be  ufed,  where  it  is  inconve¬ 
nient  to  heat  the  work  red-hot.  In  this  cafe 
therefore  copper  and  brafs  are  foldered  with 
pewter. 

Two  parts  of  filver  and  one  of  brafs  will  melt 
fooner  than  either  filver  or  brafs,  and  therefore 
is  ufed  in  foldering  either  of  thefe  metals.  This 
is  ufually  called  filver-folder.  This  folder  is 
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ufed  to  folder  ‘pieces  of  brafs  together,  by  thofc 
who  make  the  finer  kind  of  works  in  brafs. 

Both  filver  and  gold  melt  looner  by  having 
more  alloy,  and  therefore  by  a  folder,  of  fuch  a 
compofition  may  be  foldered.  The  nearer  the 
folder  comes  in  finenefs  to  the  metal,  the  greater 
care  is  required,  that  the  work  melt  not  in  fol- 
dering  :  but  the  nearer  will  the  folder  approach 
to  the  work  in  colour. 

i  >  ■ 

The  pewterers  ufoa  kind  of  folder  made  with 
two  parts  of  tin  and  one  of  bifmuth.  This  com- 
poiition  melts  with  the  leaft  heat  of  any  of  the 
folders. 

But  in  foldering  fume  artifice  is  necelfary  to 
make  the  folder  and  metals  adhere. 

All  the  metals  except  filver  and  gold  upon 
melting,  or  before,  are  covered  over  with  drofs ; 
and  all  the  folders  have  fom.e  of  thefe  metals  in 
them.  This  drofs  hinders  the  folder  and  metal 
from  uniting  y  for  I  have  already  obferved, 
that  metals  unite  eafily  with  each  other,  but 
.not  with  their  drofs.  Therefore  it  is  neceffary, 
that  this  drofs  be  removed.  This  is  not  per¬ 
formed  in  all  foldering  by  the  fame  materials. 

The  plumbers  effedt  this  with  greafe*  They 
firft  greafe  their  lead,  where  they  defign  the  fol¬ 
der  to  adhere,  then  lav  the  folder  on  and  melt  it 

with 
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with  a  hot  iron.  What  drofs,  the  melting  gene¬ 
rates,  unites  with  the  greafe  and  flows  away 
from  off  the  melted  metal.  The  glaziers  and 
tin-men  ufe  rofin  in  powder  for  the  fame  pur- 
pofe ;  for  all  inflammable  fubftances,  that  will 
melt,  are  equally  conducive  to  this  ufe.  I  have 
before  obferved,  that  the  drofles  of  metals, 
when  vitrified,  feparate  clean  from  the  metal ; 
but  before,  while  lefs  perfectly  calcined  they 
adhere  a  little.  Now  thefe  fubftances,  that  in  a 
proper  degree  of  heat,  will  reduce  the  calxes  of 
metals  back  to  their  metallic  form,  in  a  lefs  heat, 
will  fo  join  with  the  calx  as  to  caufe  it  to  fepa¬ 
rate  clean  from  the  metal. 

Always  in  foldering  the  metals  mufl;  be  made 
very  bright,  where  the  folder  is  to  take  hold 
of  them  :  for  any  dirt  or  foil  will  prevent  the 
adhefion. 

Analagons  to  this  method  of  foldering  is 
that,  whereby  iron  plates  are  covered  over 
with  tin  ^  for  making  the  tin  ware  fo  much  in 
ufe,  1  ' 

In  Germany  thefe  plates  are  hammered  out 
under  a  large  hammer.  The  hammer  is  a  very 
heavy  one,  lifted  by  a  water-wheel,  and  the  plates 
are  not  brought  under  it  Angle,  but  a  great 
number  together ;  and  that  each  may  receive 
an  equal  battering  from  the  hammer,  they 
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are  continually  {Lifted  among  one  another  by 
the  workman,  that  holds  them  to  the  hammer, 
whereby  each  in  its  turn  only  receives  the  im¬ 
mediate  blow  of  the  hammer.  In  England  we 
foil  them  out,  when  red  hot,  by  a  mill  between 
iron  rollers. 

Theft  plates  are  fcoured  bright  with  fand, 
being  hr  ft  foakt  in  a  weak  kind  of  vinegar,  then 
are  dipt  into  a  pot  of  melted  tin  covered  over 
with  fat ;  fo  that  the  plate  paftes  through  the 
fat  in  going  into  the  tin.  When  the  plate  is 
drawn  up  a  thin  covering  of  tin  adheres  to  it, 
The  fat  is  fitted:  for  the  purpofe,  when  it  has  been 
fir  ft  fried  black,  whereby  a  part  of  its  watry  hu¬ 
midity  has  been  evaporated. 

Copper  and  brafs  are  covered  over  with  tin 
by  the  help  of  another  material,  fal  ammoniac, 
which  alfo  contains  feme  portion  of  an  in¬ 
flammable  fubftance,  for  thrown  on  nitre  it 
flames, 

The  copper  or  brafs  being  made  hot  enough 
to  melt  tin  laid  upon  it,  is  ftrewed  over  with 
fal  ammoniac,  and  the  melted  tin  rubbed  about 
the  plate.  The  fal  ammoniac  licks  up  the  drofs 
of  the  tin,  and  leaves  the  tin  to  flow  freely  upon 
the  metal.  The  fame  material  is  ufed,  when 
copper  or  brafs  is  foldered  with  pewter.  The 
work  is  firft  waited  with  a  folytion  of  fal  ammo¬ 
niac 
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niac  in  water;  then  heated  juft  hot  enough  to 
melt  the  pewter,  and  the  pewter  applied  to  the 
joint  to  be  fold e red. 

In  foldering,  that  requires  a  greater  heat,  bo¬ 
rax  is  the  material  ufed.  In  this  cafe  the  borax 
by  a  great  heat  melting  into  a  kind  of  glafs 
unites  with  the  drofs  of  the  folder  or  the  other 
metals,  and  feparates  it  clean  from  the  metal. 

Silver  and  gold  produce  no  drofs  in  our  fires  ; 
gold  therefore  can  be  joined  to  filver  with  heat 
only  without  any  medium.  Thus  filver  bars 
are  gilt,  before  they  are  drawn  into  wire.  Thin 
leaves  of  gold  are  fpread  out  upon  a  table,  the 
bar  of  filver  made  pretty  hot  is  rolled  upon 
them,  and  they  adhere.  Then  the  bar  is  heated 
red  hot,  and  rubbed,  till  it  is  cold,  with  fmooth 
ftones.  After  this  the  gold  adheres  fo  firmly, 
that  it  never  leaves  the  furface  of  the  filver, 
though  the  bar  above  an  inch  thick  is  drawn  out 
into  an  exceeding  fmsil  wire.  Dr.  Halley  has 
computed,  that  the  gilding  will  be  thus  extend¬ 
ed  upon  filver  wire,  till  it  be  lefs  than  one-hun- 
dred-thoufandth  part  of  an  inch  thick. 

Among  the  mixtures  made  with  metals  muff: 
be  reckoned  the  amalgamating  them  with  quick” 
filver.  This  metal  will  unite  itfelf  with  all  the 
reft,  except  iron ;  though  not  very  freely  with 
copper.  Quickfilver  will  unite  with  fo  much  of 
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the  other  metal,  as  to  form  a  foft  confidence 
between  the  fluidity  of  quickfllver  and  the  fo- 
lidity  of  the  other  metal.  All  thefe  compofi- 
tions  are  called  amalgamas. 

The  facility,  wherewith  quickfllver  unites 
with  lead,  has  given  occafion  to  the  adulterating 
it  with  that  metal.  To  make  an  amalgama  ex- 
peditioufly  it  is  only  neceflary  to  heat  the  quick- 
filver,  and  either  melt  the  other  metal,  or  at 
lead  make  it  red*hot;  and  then  to  pour  on  the 
quickfllver.  Rut  the  mod  convenient  method 
for  gold,  diver,  and  copper  is  to  diflblve  the 
metals  in  an  acid  fpirit,  and  then  precipitate 
them  again  by  another  metal  capable  of  produ¬ 
cing  that  effed.  By  this  means  the  metal  will 
be  reduced  into  more  fubtle  parts  than  by  any 
pther  method  whatever ;  and  quickfllver  will 
then  very  readily  unite  itfelf  with  the  other 
metal. 

However  quickfllver  will  unite  itfelf,  though 
not  fo  expeditioufly,  with  lead,  tin,  gold,  or  di¬ 
ver,  if  any  of  thole  metals  are  put  into  it  cold. 
Looking  gl  a  fifes  are  covered  over  with  an  amai- 
gama  of  quick-filver  and  tin.  A  thin  fheet  of 
tin  is  flrd  fpread  out  upon  a  flat  marble  laid  to 
a  true  level.  Thefe  flieets  of  tin  are  hammered 
out  under  a  heavy  hammer,  as  the  iron  plates  are 
hammered  out  for  tinning,  They  are  not  thicker 
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than  the  thickeft  fort  of  whited  brown  paper. 
Upon  fueh  a  fheet  of  tin  fpread  out  they  pour  a 
little  quickfilver  and  with  a  cloth  and  hare’s  foot 
fpread  it  equally  over  the  tin.  Then  they  pour 
more  quickfilver  on,  and  with  aq  even  hand 
Aide  the  glafs  over  it.  As  foon  as  tfiis  is  done, 
they  fet  two  or  three  brafs  weights  about  the 
glafs  to  keep  it  fteady,  and  then  incline  the 
marble  for  all  the  ufelefs  quickfilver  to  run 
off.  In  the  iaft  place  the  glafs  is  covered 
over  with  weights,  of  about  feven  pounds  a- 
piece,  as  clofe  as  they  can  ftand  by  each  other. 
In  three  hours  time  the  foil  adheres  firmly  to  the 
glafs. 

I  have  a  little  before  obferved,  that  filver 
might  be  gilt  by  barely  laying  on  leaf  gold 
upon  it  and  rubbing  it  hard  on,  the  filver  be¬ 
ing  made  red-hot.  In  works,  where  fuch 
heating  and  forcible  rubbing  are  not  proper, 
the  gilding  is  performed  with  an  amalgama  of 
gold  and  quickfilver ;  this  being  fpread  over 
the  filver,  and  then  the  filver  heated  in  a  fmall 
degree,  that  the  quickfilver  evaporate,  the  gold 
will  remain  behind,  and  with  a  burniflier  is 
rubbed  fmooth.  A  burnifher  is  only  a  piece  of 
fteel  fet  to  the  temper  fit  for  the  hardeft  edge- 
tool,  and  polifhed  very  fmooth. 

Thus 
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Thus  are  gilt  both  filver  and  brafs.  There 
is  another  artifice  of  giving  brafs  a  golden  co¬ 
lour,  called  lackering.  This  is  done  by  pafilng 
over  the  brafs,  when  a  little  warm,  a  brufh 
dipt  in  a  folution  of  gum  lac  in  fpirit  of  wine 
tin&ured  by  fome  material  that  fftall  give  it  the 
defired  colour. 


Eect.  24.  OF  CHEMISTRY.  331 

LECTURE  XXIV. 

THE  CONCLUSION. 


E  have  now  gone  through  the  opera* 


V  f  tions  of  chemiftry  upon  the  feveral 
fubjedts,  that  come  under  its  cognizance,  by 
which  we  may  obferve  the  great  extent  of  the 
art.  It  takes  under  confideration  all  parts  of 
the  creation,  that  are  within  our  reach  to  operate 


We  may  farther  learn  this  from  the  whole, 
that  the  powers  of  nature,  by  which  its  opera¬ 
tions  are  performed  in  the  fmall  parts  of  matter, 
are  very  few  and  fimple. 

The  firft  operations  of  chemiftry  purfue  the 
analyfis  of  bodies,  till  the  moft  compound  ar6 
reduced  to  five  principles,  water,  fpirit,  oil, 
falts,  and  earth.  A  more  careful  examination 
has  indeed  difcovered  a  fixth,  a  vapour  fimi- 
lar  to  the  air  we  breathe.  But  moft  of  thefe 
are  found  to  be  compound  fubftances,  and 
may  be  reduced  to  a  fmaller  number  of  prim 
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The  fpirit  and  fait  are  only  fome  a6tive  power 
joined  to  one  of  the  other  principles.  Salts 
are  only  fome  a£Hve  power  joined  with  an 
earth  ;  fpirits  fome  aftive  power  joined  with 
water.  This  power  we  have  found,  when  join¬ 
ed  with  water  only,  to  appear  under  the  form 
of  an  acid.  But  the  vinous  fpirit  is  here  to  be 
excepted.  This  fpirit  partakes  more  of  the  na¬ 
ture  of  an  oil. 

Oils  part  vifibly  into  earth,  and  fpirit  or 
water.  At  the  fame  time  they  lofe  a  portion 
of  air,  and  ceafe  to  be  inflammable.  The  air 
therefore  is  either  the  principle,  which  renders 
them  inflammable,  or  feparates  them  from  the 
reft  by  the  expulfion  of  the  inflammable  princi¬ 
ple.  At  the  moft  therefore  oils  are  divifible  in¬ 
to  four  principles,  three  of  which  are  the  fame, 
as  are  found  in  other  fubftances. 

There  are  other  fubftances,  in  which  this 
principle  of  inflammability  is  found,  that  are 
fome  of  them  no  lefs,  others  more  Ample  than 
oils.  All  vegetable  and  animal  fubftances  are 
reduced  by  diftillation  to  a  black  coal,  wherein 
this  inflammable  fubftance  is  united  with  earth 
and  a  fait,  or  with  earth  alone.  The  vinous 
fpirit  feems  to  be  this  inflammable  fubftance 
united  with  water ;  for  if  it  be  burnt  flowly 

under 
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under  a  bell,  as  fulphur  is  burnt  to  obtain 
its  acid  fpirit,  a  confiderable  quantity  of  water 
will  be  colle&ed,  and  no  inflammable  fpirit. 
With  the  frnall  heat  of  diftillation  fcarce  any  air 
feparates  from  it.  But  if  it  be  boiled,  air  fe pa- 
rates.  This  is  mod  commodioufly  tried  by  a 
glafs  in  the  form  of  a  thermometer ;  for  if  the 
fpirit  in  the  ball  be  caufed  to  boil,  there  is  al¬ 
ways  found  upon  its  cooling  a  bubble  of  air  in 
the  ball. 

This  inflammable  fubftance  is  in  bodies,  that 
do  not  burn.  We  have  fhewn  it  beyond  con¬ 
tradiction  to  be  in  metals.  And,  if  we  con- 
fider  Mr.  Boyle’s  experiment  upon  water, 
whereby  he  reduced  it  to  a  dry  earth,  (that 
is,  calcined  it  like  a  metal)  we  cannot  doubt, 
but  that  water  is  held  fluid  by  the  fame  prin¬ 
ciple,  as  renders  metals  fluxible  with  a  due 
degree  of  heat.  One  of  them,  quickfilver^ 
remains  fluid  with  lefs  heat  than  will  keep 
water  fo,  and  requires  a  gentle  heat  to  cal¬ 
cine  it,  as  water  does.  I  am  informed,  that 
water  has  been  calcined  in  a  clofe  veffel,  by 
Handing  a  long  time  in  a  moderate  heat, 
much  after  the  manner,  as  quickfllver  is 
calcined,  only  with  this  difference,  that  no 
accefs  of  air  at  all  mu  ft  be  allowed  the  water, 
left  it  fhould  evaporate.  Mr.  Boyle’s  method 

of 
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of  converting  water  into  earth  is  by  repeated  di- 
{filiations. 

Upon  thefe  considerations  we  may  conclude^ 
that  the  bulk  of  all  bodies  confifts  of  particles 
of  matter,  in  different  bodies  diverfely  figured 
and  compofed,  which  of  themfelves  are  un- 
adtive.  Thefe  we  may  call  terreftrious  or 
earthy  parts.  Thefe  appear  to  be  adtuated 
by  two  principles  at  mod:,  the  acid,  and  the 
inflammable  principle.  This  lad:  we  fhall 
call  fulphur ;  as  I  apprehend  this  to  be  the 
meaning  of  the  word,  when  ufed  with  pro¬ 
priety  in  its  philofophical  fenfe,  though  no 
word  has  been  more  loofely  ufed  by  writers 
than  this. 

We  find  the  prefence  of  this  fulphur  necefi* 
fary  to  the  form  of  bodies.  Metals,  when 
divefted  of  a  due  portion  of  it  by  calcination, 
lofe  their  metallic  form  ;  animal  and  vegetable 
fubftances,  till  deprived  of  this  principle  retain 
their  organic  ftrudture*  but  no  longer. 

Farther,  fir  Ifaac  Newton,  in  his  treatife  of 
Optics,  gives  reafons  for  concluding,  that  bo¬ 
dies  adt  more  or  lefs  upon  light  in  refradtiftg  and 
reflecting  it,  in  proportion  as  they  abound  with 
fulphur.  Sulphureous  bodies  alfo  fooneft  grow 
hot.  Now  as  heat  dilates  bodies,  and  at  length 
feparates  their  parts,  diflipating  the  body  in 
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fmoke,  we  may  confider  fulphur  as  the  au¬ 
thor  of  the  repelling  force  found  in  bodies  ; 
for  this  repelling  force  depends  upon  heat, 
which  operates  moft  immediately  upon  the 
fulphur  of  bodies,  as  we  have  juft  now  faid. 
Even  the  expanfion  of  the  air  depends  upon  its 
heat. 

Thus  fulphur  by  the  mediation  of  heat  is  the 
author  of  the  repulfive  force  feen  in  nature, 
which  is  one  caufe  of  the  changes,  bodies  under¬ 
go  in  the  courfe  of  things  :  the  other  is  the  acid 
principle.  The  particular  power  of  this  feems 
to  be  the  uniting  other  parts  of  matter  with  wa¬ 
ter  5  whereby  the  component  parts  of  bodies  are 
transferred  from  place  to  place,  and  the  whole 
oeconomy  of  nature  in  the  reciprocal  refolution 
and  renovation  of  all  fublunary  beings  is  through¬ 
out  the  courfe  of  time  carried  on. 

Thefe  are  the  general  deductions  to  be  drawn 
from  the  operations  of  chemiftry. 

I  {Hall  now  put  a  conclufion  to  this  Courfe  by 
fome  particular  remarks,  that  have  not  yet  fallen 
in  our  way. 

In  the  courfe  of  thefe  lectures  we  have  had  oc- 
cafion  to  take  notice  of  fome  changes  made  in  the 
tafte,  fmell,  and  colour  of  bodies  by  the  means  of 
fpirits  and  falts.  Silver  diflblved  in  fpirit  of  ni¬ 
tre  acquires  an  extreme  bitter  tafte,  lead  a  fweet 
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one,  whether  difiblved  in  fjpirlt  of  nitre  or  in 
vinegar.  Sulphur  difiblved  in  water  either  by 
the  help  of  lime  or  of  an  alkaline  fait,  upon  the 
affufion  of  an  acid  fpirit  fends  forth  at  once  a 
fmell  extremely  fetid  refembling  that  of  rotten 
eggs  ;  and  changes  from  its  red  tincture  to  a 
white  one. 

But  what  relates  to  colours  has  not  been  yet 
confidered  fo  fully  as  the  fubjedt  deferves.  The 
painters,  dyers,  and  the  workers  in  glafs  have 
received  great  afiiftance  in  their  colours  from 
the  art  of  chemiftry. 

Glafs  is  coloured  chiefly  by  metals  or  metal¬ 
line  fubftances,  thefe  induring  the  ftrongeft  fires. 
It  is  coloured  yellow  indeed  by  a  vegetable  fub- 
flance,  bran.  But  this  glafs  muft  not  remain 
very  long  in  the  fire.  It  is  tinged  blue  by  the 
mineral  fubftance  before  defcribed  with  arfenic 
called  zaffora  or  zaphor,  of  a  fky-colour  by  cal¬ 
cined  copper,  green  by  calcined  iron,  and  red 
by  gold  diflblved  in  aqua  regia.  There  muft  be 
put  a  little  common  fait  into  the  glafs  along  with 
the  gold  prepared  as  above,  otherwife  they  will 
not  unite.  There  is  a  remarkable  incident  oc¬ 
curs  in  working  this  colour.  That  the  glafs, 
when  firfi:  taken  up  and  blown,  appears  tranf- 
parent  like  other  glafs,  but  by  being  often  put 
into  the  furnace  and  drawn  out,  the  tinging  par¬ 
ticles 
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tides  gradually  affemble  together,  and  give  a 
colour  to  the  glafs.  Silver  is  of  no  uie  in  this 
art.  It  gives  glafs  a  yellow  colour  indeed  but 
of  a  difagreeahie  hue.  Glafs  is  tindured  black 
by  magnefe,  the  fubftance  wherewith  they  take 
off  its  green  colour.  This  fubftance  in  a  fmall 
quantity  only  removes  the  green  hue  natural  to 
glafs  ;  but  in  a  larger  proportion  dies  it  purple, 
and  if  this  purple  is  very  inte'nfe,  it  appears 
black. 

The  painters  owe  to  white  lead  the  ground  of 
their  art.  It  is  their  white.  This  calcined  for  a 
time  turns  yellow  and  is  called  mafticot.  They 
have  been  of  late  indebted  to  chemiftry  for  a 
very  neceflary  colour  the  Pruftian  blue.  Their 
beft  black  is  the  coal  of  an  animal  fubftance 
calcined.  Ivory-black  is  ivory  calcined. 

The  dyers  alfo  make  a  very  general  ufe  of 
alum  and  tartar;  therefore  the  reafon  for  the 
fundamental  work  of  their  art  is  to  be  taken 
from  chemiftry.  Their  colours  are  chiefly  ex* 
traded  from  vegetables,  dilpofed  to  tinge  water 
of  each  colour.  And  their  tindures  are  prepared 
without  any  particular  artifice  except  in  woad. 
This  vegetable  after  it  is  gathered,  is  moiftened 
and  prefled  together,  that  it  may  heat,  then 
dried,  and  the  fame  procefs  repeated  two  or  three 
times.  An  infuflon  of  this  by  a  mixture  of 

Z  lime 


A  COURSE 


Part  IV. 


lime  will  flowly  ferment.  During  the  fermenta¬ 
tion  it  dyes  a  blue  colour.  Alone  it  makes 
only  a  fky-blue,  but  with  a  proper  addition  of 
indico,  the  infpifiated  juice  of  a  fimilar  plant* 
the  colour  may  be  deepened  to  any  degree. 
The  cloth  comes  green  out  of  the  liquor;  but 
by  the  contadl  of  the  air  turns  immediately  blue. 
The  fineft  fcarlet  is  dyed  with  cochineal,  now; 
fuppofed  to  be  an  animal  fu bilance.  To  dye 
with  this  colour  requires  fome  acid  fpirit,  as  I 
have  take  notice  before.  But  it  mud  firft  have 
corroded  tin,  elfe  it  will  deftroy  the  cloth. 
There  is  alfo  another  circumftance  neceffary. 
The  dying  muft  be  performed  in  a  tin  or  pewter 
vefiel.  Should  one  of  copper  or  iron  be  made 
life  of,  the  fpirit  would  quit  the  tin  and  adl  on 
the  veffel,  and  during  that  action  would  alfo 
corrode  the  cloth. 

The  dyers  have  no  material  of  a  black  tint, 
wherewith  to  dye  that  colour.  They  dye  that 
colour  with  copperas  or  the  like  ferrugineous 
fubilance,  and  with  an  aftringent  vegetable,  ufu- 
ally  with  galls.  For  an  infufion  of  galls,  gra- 
nate-.bark,  or  any  vegetable  aftringent  in  water 
added  to  a  folution  of  copperas  becomes  imme¬ 
diately  black.  Common  writing-ink  is  made 
by  this  means  with  the  addition  of  a  little  gum 
to  make  it  more  liable  upon  the  paper. 
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By  th  is  effect  of  vegetable  aftringents  upon 
ferrugineous  fubftances,  medicinal  waters  are 
ufualiy  tried,  how  far  they  are  to  be  efteemed 
of  the  chalybeate  kind. 

It  is  from  the  art  of  chemiftry  that  we  muft 
learn  the  nature  of  mineral  waters. 

Waters,  as  they  arife  from  the  earth,  are  ge¬ 
nerally  more  or  lefs  tindtured  with  the  vitriolic 
acid,  which  I  have  before  obferved  to  abound 
in  the  bowels  of  the  earth.  This  acid  is  that, 
which  hinders  foap  from  diftblving  in  fpring-wa- 
ters :  for  all  acids  produce  this  effedt  in  water. 
The  water,  which  has  ran  long  in  the  channel  of 
a  river,  has  met  with  fubftances,  that  imbibe  this 
acid.  In  their  paflage  under  ground  they  alfo 
find  fome  portion  of  calcarious  and  other  fub- 
flances,  whereon  the  acid  will  operate :  and  as 
I  obferved  formerly,  that  this  acid  a£is  ftronger 
upon  the  alkaline  faits,  than  on  any  other 
fubftances  ^  fo  we  may  find,  thofe  fairs  general¬ 
ly  make  a  precipitation  from  fpring-waters. 
What  precipitates  is  of  the  calcarious  kind.  The 
feme  incruftates  veflels,  wherein  it  is  boiled. 
That  cruft  well  calcined  heats  and  fmokes  upon 
the  affuiion  of  water  like  common  lime. 

If  thefe  waters  find  any  metallic  parts,  that 
the  acid  will  take  up,  the  waters  become  medi¬ 
cinal.  Someexprefs  great  jealoufies  about  thefe 
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waters,  left  they  fhould  contain  lead,  arfenieal 
parts,  or  the  like  pernicious  ingredients  •>  bu£ 
of  all  metallic  fubftances,  iron  and  copper  only 
will  be  united  with  water  by  this  acid.  So  that 
mineral  waters  can  contain  no  metallic  fub¬ 
ftances  except  iron  or  copper.  Iron  is  the  nioft 
common  ingredient.  Where  there  is  copper 
the  water  has  an  emetic  quality.  Iron  in  thefe 
waters  is  difcovered  by  the  means,  I  mentioned 
before. 

The  greater  part  of  thefe  metallic  waters  have 
a  fprightly  fpirituous  tafte,  and  fparkle  upon 
pouring  out.  It  has  much  perplexed  the  en¬ 
quirers  into  thefe  waters  to  difcover  the  original 
of  this  fpirituoufnefs.  If  the  water  ft  and  s  open, 
this  quality  is  foon  loft.  But  if  when  taken  from 
the  fpring  it  be  immediately  confined  clofe,  it 
preferves  this  fpirit  a  great  while,  unlefs  it 
chance  to  break  the  veil'd  containing  it. 

There  are  waters  furnifhed  very  eminently 
with  this  adtive  fpirit,  that  have  no  metallic 
parts  in  them.  They  do  not  therefore  owe  it  to 
them.  Ail  thefe  fpirituous  waters  fhew  ftgns  of 
being  impregnated  with  alkaline  parts.  As  X 
obferved,  that  waters  in  the  earth  not  only  are 
charged  with  an  acid,  but  meet  alfo  with  cal- 
carious  parts,  whereon  the  acid  will  adl ;  thefe 
waters  rife  out  of  the  earth,  before  the  fermenta¬ 
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tion  is  over,  and  the  fpirit  found  in  them  is  no 
other,  than  what  arifes  in  fermentations.  If  the 
water  is  forcibly  confined,  that  this  fpirituous 
vapour  cannot  expand  itfelf,  the  fermentation  is 
retrained,  and  the  water  kept  in  this  ferment¬ 
able  condition  a  great  while. 

If  theie  waters  contain  metallic  parts  the  fer¬ 
mentation  gradually  deprives  them  of  the  acid,, 
that  kept  them  fufpended  :  for  this  reafon, 
when  chalybeate  waters  have  loft  their  fpirit,  the 
irony  parts  are  found  at  the  bottom  in  the  form 
of  oker. 

When  the  fermentation  has  been  ft  rang,  the 
waters  rife  warm. 
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